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2. INTRODUCTION
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This Project Operat ions Plan has been developed Specif ical ly for use at South Cavs l cadeSite, Houston, Texas. As part of Task 1 - Preinvestigation Activities, of a Health andSafety Plan, Sampl ing and Analytical Plan and Quality Assurance Project Plan are to be
developed for this project.
The purpose of this document 1s to suggest the specific field invest igat ion sampl ingand analytical quality assurance/quality control procedures which may be utilised in
the field invest igat ion activities conducted as part of the South Cavalcade Site
Sampling and Analytical Plan .
This document, the Project Operations Plan , is a suggested guidance for all f ie ld
activities associated with this project and presents field investigation, samplinganalytical , quality assurance and health and safety information in an integrated ^format. O

OBy providing this information in one document a considerable amount of redundancy^
inherent in prepar ing separate documents is avoided. It also ensures that allpertinent information which needs to be disseminated to the project staff is ava i lab le
as a single reference document.
This document is already in place and has been used to direct numerous remedialinvest igat ions as well as numerous state and local hazardous waste projects.
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3. SITE DESCRIPTION

3.1 Site History and Background

I
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2/20/85 Draft |
Nancy B. Johannesmeyer
Robert (tier

The South Cavalcade site 1s currently bounded by the Houston BeltTerminal rai lroad tracks to the east, Cavalcade Road to the north,
Missour i Pacif ic rai lroad tracks to the west, and Col l ingsworth Roadto the south. The site currently consists of approximately 45 acres
on a parcel of land 1-1/2 miles southwest of the intersection
between Loop 610 and U.S. Route 59 (Eastex Freeway).
The majority of the site area has formerly been used as a product ion
facility for creosote and other wood preservative products. From
191 1 to 1939 the plant was operated by the National Lumber andCreosot ing Company. This operaton consisted of a production
facil ity on the southwest corner of the site and "dripping" anddrying areas toward the center and northern areas of the site. The
National Lumber and Creosoting Company operation was purchased byKoppers Company in 1940. In addition to wood preserving operation,
a coal tar dist i l lat ion process facility was also constructed andoperated in the southeast corner of the site. Numerous ponds,
tanks , and lagoons existed on the site. Two known buried ponds orlagoons (noted on historical aerial photographs and boring logs)
existed in the southwest corner of the s*te and in the center
northern area of the site. The faci l ity was closed by Koppers in1962, All plant bui ld ings were removed and the site area was
covered with soil. Currently, three palletized trucking firms have
operations located within the site boundaries; Mer id ian TransportCotnpany (Merchants Fast Motorized Lines) in the central andsouthwestern corners of the site, Palletized Trucking Inc. in the
southeastern corner of the site and Transcon Trucking Lines, on thenorthern portion of the site. AJF Leasing also operates within theproperty boundry on the northeast corner of the site. Both AJF and
Transcon-operations are situated on a portion of the site owned bythe Baptist Foundation of Texas.

3,2 Des ignat ion i _a& Superfund Site/Current Activit ies
In the early 1980's the Harris County Metropolitan Transit Authority
(MTA) became interested in the site for a combined railyard, shop.,and station for a proposed light rail transit system. During•• routine geotechnical investigations by McClel land Engineers Inc.• (MEI ) for preliminary design purposes, several localized areas werefound to be contaminated with creosote waste products. Camp Dresser& McKee Inc. (COM) was then retained to perform a contaminant survey
and to develop remedial measures that would mitigate thecontamination and allow use of the land by MTA. During the courseof CDM's work MTA revised their construction plans to largelyexclude the area north of Cavalcade Street. CDM's report,"Cavalcade Contaminant Survey", dated July 11, 1983, documented the

r«

ooo
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TABl£ 3-1
CONlWIfWT SIRVEY RESULTS

HIGHEST COrCENmATlON DOTCm) (SWPLF NO. nTTFCTH) IN)

• ' • '

Volatile Organtcs
Methyl ene CnlorideEthyl benzene
Toluene
Betzene
Refractory Organlcs
AnthraceneBenzo (a) anthracene
Benzo (a) pyrene3,4-8enzof 1 uoranthene
Benzo (g,h,1) perylene
Bis (2-€thyte^J)phthalate
ChryseneFluorantheneIdeno (1,2,3,ced)pyreneRienanthrene
Pyrene
FluoneneAceraphtheneBenzo(k JfliorantheneDi-n4xityl phthalateAcenaphthene
/fcenaphthylene
Naphthalene
Di-n-octal nhthalateDibenzo(a ,h)anthracene2,4 Otmethyphenol
f^ntachl orophenolPhenol
Butyl Benzyl Withal are

SEDIteNT
SWPl£S

(tig/kg)
I10(SD-04)

(u^kg)
4700(30-02)

180C10(SU-04)
WOO(3D-W)
4800(50-04)
430(334)1)
210(SD^>1)

14000(35^)
25000(50-04)

6QO(SD-03)
IflOOO(SD-Ol)
22000(SD-W)

520(5D-OJ)
580(30-04)

SWACE
WTER
SWPLES

(ug/1)

Otfi)
lO(SH-OZ)
10JSW-02)
21(SW-02)

12(SW-02)
17(SW-02)

14(SW-02)

21(»f-02)
18(SW-02)

SURFACE
SOIL
SWPl£S

(ug/kg)
59(5L-01,03)

ia)(SL-05)
23(SL-04)

(ug^kg)
240000(51-05)

3?000(SL-03)
2IOOO(SL-03)
46000(51-03)

7200(SL-03)
42000(51 -03)

260000(51-04)
7?00(SL-03)

20CXXX)(SL-CM)
17000>(SL-M)
80000(SL-04)
46000(SL-03)

100000(51-04)
3000(SL-04)

340000(51-04)
11(51-02)

SUBSURFACE
OKWWTER
SWPIIS

(ug/kg)
73(SL-04-03)

(ug/kg)
520000(51-04-02)
3?0(X)(SL-03-01)
3AXX)(5L-04-03)
46000(51-03-01)
7200(SL-03-01)

4?000(SL-03-01)
440000(SL-04-02)

7?O}(SI_-03-01)
240000(SL-04-02)
2POOOO(SL-W-U2)
110000(SL-04-02)
46000(SL-03-01)

360000(SL-OW)2)
3200(SL-W-03)

200000(51-04-03)
5000(51-04-03)

SWLLOW DEEP P905UCTION
GROUNJWATER CROUTOWTER WELL
SWPLES SPMFIIS SWPlfS

(ug/1) (ug/1) (ug/1)
58(OW-02)

HO(OW-OZ) 49(OW-06)
Z1(OH-02)

("9/0

29(GW-02)

17(OW^)2)
34(OW-02)

240(OW-02)
27(0w-02)

300(OW-02)

34(CM-02)
380(OW-02)

30(OW-02)
17000(OW-02)

080 (OW-02)
66(OW-02)
b9((W-l)2)
17(OW-02)

0 0 0 6 6 5
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(Cont'd)TABUE
SURVEY RESULTS

HIGHEST CONCEMmATION/nETCCTED (SWPU: NO. OETECIH) IN)

Toxic Metal s and Inorganics
Arsenic (AS)Serylliim (Be)
Cadtaiun (Cd)Chromiim (Cr)Copper (Cu)
Lpad (Pb)
Mercury (Hg)Nickel (Ki)
Silver (Ag)
Thalliun (Th)Zinc(Zh)Total Cyanide (Ch)
AntinniySelemtm

SEDP-FNT
SWPt£S

SURFACE
MATER

SflMPUES
SURFACE

SOIL
SWPIES
(rr^kg)

2.4(SD-02)
0.6(50-02)

,05(CH-01)
13.0(50-02}
82.0(3D-Oa)
1B5(SD-04)
5.4(30-03}

0.40(30-01}
0.97(5) -03)
160(504)1) .32(50-01)

SUBSURFACE
OTUtOWATER

SWPLES
(mg/kg)

5>ALl(W
OTOUNk'ATER

STOKES
DEEP

(m/POWATER
SWUES
(mg/kg)

PRODUCTION
WEllSPMPUS

R?(SL-03)
0.29(SL-04)
O.BB(SL-W)

79(5L-03)
3?(SL"02)
S4(SL-03)

0.04(51-03)
33(SL-0?)

0.7{5L-m)
0.1(SL-03)
290(SL~03)

82CSL-03-01)
0.31(SL-04-04)
0.5(SL4Xl-03}
79(5l.-03-01)
21(51-03-01)
54(51-03-01}

,62(5L-03-02)
15(SL-04-03)

1.2(51-04-03)
0.1(51-03-01)
290(SL-03-01)

0.13(OW-02)

O.OC(CW-Ol)

0.20(CW-02)
OJO(OW-Ol)

12.0(SL-11)
0.31(SL-19)
0.31(SL-19) 0.04(PW-02)
17.0(SL-11)
4.0(51-19)
7.5(51-19) 0.35(PW-01,(K)

0.003(SL-ll)
4.6(SL-19)
2.1(51-11}
7.3(SL-19) ,58(PW-01)

0.1(OW-06)*
0.26(OW-06)*

(*reported as

\\

0 0 0 6 6 6
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3. SITE DESCRIPTION
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presence of soil and sha l low groundwater contaminated with creosotewaste products and heavy meta ls . Fai lure of bond Issue in May 1983resulted In the termination of CDM' s work prior to selection of anappropriate remedial alternative and site remediation.
After the bond failure, the site fell under the jurisdict ion of the
Texas Department of Water Resources (TDWR) . Shortly thereafter , thes i te was handed over the the US EPA and was placed on the Nat iona lPrior i ty List (NPL ) . r-

O
Oo
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4. ENVIRONMENTAL SETTING
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.I Physiography
The site is currently bounded by the Houston Belt Terminal railroadtracks to the east. Cavalcade Road to th«* north, Missour i Pacif icrailroad tracks to the west, and Coi ' ingsworth Road to the south,The site currently consists of approximately 45 acres on a parcel ofland 1 - 1/2 miles southwest of the intersect ion between Loop 610 andU.S. Route 59 (Eastex Freeway).

4.2 Geology
Surfically, exposed soils within the site boundaries consist of a
grey silty fine sand. A total of 15 soil borings were drilledrang ing in depths from 15 to BO feet at the South Cava lade Street
Site. These soil bor ings general ly indicated four distinct soilstrata varying slightly throughout the area of the site. Although
there are some var ia t ions in the e levat ions and th i cknes se s s , thefo l lowing genera l i zed soi l strata appear to be cont inuous throughoutthe site.

Descr i p t i onFi l l ; Silty fine sandSandy clay and clayey sand
Very dense fine sandVery st iff and silty clay

4.3 Hydrpjjeojogy
The geologic strata underlying the Cavalcade Yard site consistprincipally of interbedded sands , s i lts, and clays of the BeaumontFormation. As shown on Plate 5-5 t these sediments were deposited influvial (river) and deltaic environments during the PleistoceneEpoch. Clay and silt soils predominate in the upper 200 to 300 ftof the Beaumont Format ion . Layers of sand frequently occur as thin,discontinuous deposits of rather limited extent. Thicker, morecontinuous sand deposits occur in the deeper parts of the Beaumontformation and in the upper parts of the underlying Liss ie Formation.however, based on published geologic reports, the Lissie Formationoutcrops several miles north of the site area.
The Lissie Foundation and the lower Beaumont Formation are commonlyused sources of groundwater supplies in the Houston area, althoughtheir yields are generally considered too small for majorexploitat ion. The deeper sands from the Chlcot and EvangellnrAquifers, located over 1000 feet deep, are high yield aquifers usedfor major groundwater supplies.

rl
H•I
I
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O
O
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4. ENVIRONMENTAL SETTING
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The strata of the Beaumont Format ion general ly dip to the southeasttowards the Gulf of Mexico . Thus, the sediments exposed at thesurface become progress ive ly younger toward the coast. The regionaldip of the strata and the presence of the interbedding of the sands
and clays result in cons iderable Influence on the regionalhydrogeology of the Houston area. Based on published geologic
l i terature, the princ ipal areas of groundwater recharge for theChicot and Evange l ine Aquifers ( i .e . , Liss ie Formation) occurseveral mi les north of the site area.
The predominance of clay and s1H soils 1n the upper part of theBeaumont Formation and the southeastward dip of the geologic strataserve to act as a conf in ing layer for the Chicot Aquifer. Thisproduces artes ian groundwater condit ions 1n the Chicot Aquifer. Thel imited sand layers in the upper Beaumont Formation are considered
too d i scont inues to a l low effect ive recharge to the deeper aquifers. O

o
4.4 Project Overv i ew

The United States Env ironmenta l Protect ion Agency has requested a
work plan be establ i shed to be performed on the South Cavalcade Site1n Houston, Texas . The purpose of the work plan is to establ i shproblem areas on the site and dev ise a procedure for the design of a
c lean up program.
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5. PROJECT ORGANIZATIONAND RESPONSIBIL ITY

5.1 PROJECT ORGANIZATION
5.1 , 1 Overv iew

7777-143-WP1 19 of 18!
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i

iiiiiThe project management organizat ion of the South Cavalcade Site Is des igned to providea clear line of functional and program responsibi l i ty and authority* supported by a Mmanagement control structure. Basica l ly * this control structure* centered around the Iplacement of the Off i c e r - i n -Charge and Project Manager , provides for: m

o Clear ly identif ied lines of communication and coordinat iono Monitor ing of program budget, schedules and financial performanceo Manag i ng key technical resourceso Prov id i ng periodic f inancial management and progress reportso Health and Safetyo Qual i ty Control
Fo l l ow i ng is a l i s t ing of
respons ib i l i ty .

Name
Gary A. DunbarDav i d F. Doyle
Robert KierRi chard Thompson
To be des ignated

the personnel ass igned to this project and their area

Role
Officer- in-ChargeTechnical AdvisorProject ManagerQual i ty Assurance Coord inatorHealth and Safety Off i c e rProject EngineerOn-site CoordinatorSenior GeologistFie ld EngineerGeologistChemist

O
r-\oo
Oo
of

5. 1 .2 Subcontractors
Camp Dresser & McKee (COM) is the prime contractor for the South Cavalcade Site projecand will provide overall project management, coordination and quality control.Subconsultants to COM and others and their relationship to the project are as fol lows:[To be specif ied. ]
5.2 RESPONSIBILITY

iiiiiiii
iiFor the purposes of the field Invest igations program outlined herein, Robert Kier hasbeen delegated responsibil ity for Project Management. It 1s the on-s1te coordinators i*responsibi l ity to ensure that all field Investigation tasks are conducted in strict Hcompliance with the selected procedures. * I

I
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5, PROJECT ORGANIZATIONAND RESPONSIB IL ITY
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contract specif icat ion for the activity. ResponsIM StTfor" the h^W ffctv of

O
O
O

IiII
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6. QUALITY ASSURANCE OBJECTIVES
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rl

Specif ic requirements for accuracy, precision, representativeness and completeness for! •the South Cavalcade Site field Invest igat ion program are delineated according to sampllcollection and analytical (laboratory) quality assurance guidel ines . It is recognizedthat the overall criteria of project accuracy, prec is ion, completeness, "Brepresentativeness, and comparability are the combination of both these elements. •»iii
Field Inves t igat ions conducted in support of th is program, to inc lude

1.2.3.4*
5.
6.7.
8.

Air Samp l i ng
Subsurface Soi l Sampl ingMon i t o r i n g Wel l Insta l lat ion
Fa l l i n g Head Permeab i l i ty Test ing
Groundwater Sampling - (Shal low and Deep)
Surface Water Sampl ingSurface Sediment Sampl ing
Mi s c e l l a n eou s Non-so i l Tests .

CM

ooo

will be executed 1n strict compliance with specific operational prcceaures for theseact iv i t i e s .
Spec i f i c ca l i b ra t i on , operat iona l and documentat ion procedures assoc ia ted with theind iv idua l ac t i v i t i e s wi l l assure the accuracy, prec is ion, completeness , andtraceability of all the field data and observations,
6.2 .Sample. co_ l lect ion
Samples will be collected for the fo l lowing tasks :i)2)

4
6)

A1r Sampl ingSubsurface Soil SamplingGroundwater SamplingSurface Water SamplingSediment Sampling

iiiii
All samples collected under these specif ied tasks wil l meet all identified qualityassurance/qual ity control requirement as described. These samples wil l be used astechnical data to provide engineer ing services for site remediation. These sampleswill not be used a*> evidence for future enforcement.
6.3 Dupl icate Samples

——ar-^*- nJi I I~T~ T '' ' " i I iJ^^Mrttf^

One (1) of every twenty (20) samples will be taken 1n duplicate and analyzed separatelyfor each type (matrix) or material sampled on site (I.e., groundwater.'SOll/$ed1ments|Bwaste) . Dupl icates will be run for every air sample collected. ii
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6.4 Trave l/Tr ip Blank
A travel blank consists of a set of sample containers fil led with laboratory demons-
trated analate free water * (This water preferably should be of the same quality as th<method blank water used by the laboratory performing the specific ana lys i s ) . Thesetravel b lanks should be handled, transported, and analyzed in the same manner as thesamples acquired that day.
6.5 Fie ld Blank
A field blank consists of two sets of laboratory cleaned sample containers . One set o
containers is empty and will serve as the sample containers that wil l be analyzed. Thsecond set of containers are fi l led at the laboratory with laboratory demonstrator analyte free water. At the field location, this analyte free water is then passed&hroug
laboratory cleaned sample equipment and placed in the empty set of sample conta^ers
for analys is .
6.6 Blank Jjequirements

O
O

a) A set of field and travel blanks must accompany all water samples on each day of
sampl ing. Organic priority pollutant blanks are required for these samples .

b) A set of field and travel blanks must accompany all soil and sediment samples oneach day of sampling. Purgeable organic blanks are required for these samples .
c) 2 sets of field blanks will be required for the air sampling program.
The cr iter ia and representativeness (does subsample have the same measurable character
i st ics as the total sample?) if defined by the sampling method util ized,, Bl i nd dupl i-cate samples collected as part of the field programs monitor the representativeness ofspecif ic samples . A precis ion of sameness of +60% is acceptable for ordinary sample
matr ices . Representat ive samples will be collected as follows:

* Groundwater: the site geologist will exercise field judgement to insure thatthe monitoring wells wiVi be sampling the aquifer of Interest. Representativesamples will be collected by evacuating three to ten well volumes or by
evacuating water until a stabi l ized specific conductance 1s reached beforecollecting the sample for laboratory analysis. The well volumes are evacuatedto insure that aquifer water 1s being sampled. The amount of water evacuated.will be documented by the sampling team.

* Soi l : Subsurface soil samples or equivalent will be continuously collected am
retained. Subsurface soil samples will also be taken at monitoring wellinstallations. *•

* Surface Water: The site geologist will exercise field judgement in determinantexact location of surface water sampling. Sampling will be done in two roundsThe first set of samples 1n each routid will be taken at the "first flush" or
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when runoff first begins during a storm event. The second set will be taken | •after rainfall has ceased but runoff continues. *

6. QUALITY ASSURANCE OBJECTIVES
i
rl

" Sediment: Sediment samples will be taken everywhere a surface water sample ha""Bbeen taken* •
Ai_r: Air samples will be collected upwind and downwind of the site to
character ize emiss ions emanating from the site. I

The groundwater, and soi l , representative and judgemental samples wil l be collected as mdefined in "Test Methods for Evaluating Solid Waste", USEPA, SW-846 July 1982. ^ •
\D *

The criteria of completeness is a measure of the amount of valid data obtained fcDm the
measurement system compared with the amount that was expected under normal condi£jons. IThis criterion is expressed as a percentage. The criterion for South Cavalcade is-JJQfc. •
The cr i ter ion of accuracy (the comparison of a reported value to a known value) for
field programs is usual ly achieved by introducing some form of randomness into theprocess. Randomness has been introduced In location selection. Groundwater, surface
water, and soil sampling locations were established randomly in general areas of thevarious media . Accuracy of analytical data is the respons ib i l i ty of the laboratory.
The criterion of precision (reproducibility of the measurement) may be applied to the
field data for South Cava l cade Site . The overal l precis ion of the field measurements ia combination of the analytical and sampling precis ion. The analytical prec is ion is
the responsibility of the laboratory. The sampling precision Is defined by theprocedures util ized, including equipment calibration and field blank/duplicate samples
6.7 Laboratory Qual 1 ty Assurance/Qual 1 ty_ Control
6.7. 1 Objective •
The primary objective of the analytical quality assurance/quality control plan is toensure the integrity of analytical results. To this end, all samples collected duringthe project will be analyzed according to the approved methodology and other QA/QCrequirements detailed in this plan.
Specific criteria of accuracy and precision for each major measurement parameter are •detailed within the individual EPA test method (see Section IX, Analytical Procedures)."
6.7,2 taboratory QA/QC Program flj
Analytical subcontractors maintain active laboratory quality assurance programs to
ensure the integrity of all analytical results* The following summarizes someof these programs. .
All laboratory instruments have rigorous maiutsnance and calibration schedules. Whereapplicable, the instrumentation is calibrated using standard solutions or standardized •techniques whenever in use* ™
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All test methods and analytical results are checked and approved by qual if ied person-nel. Routine sample replicates and blind reference standards are employed 1n the labo-ratory as an integral part of the quality assurance program. The laboratories are
participants in cooperative split sampling programs to monitor the ability to achieveaccurate results.
A comprehensive test quality assurance manual is maintained, which documents all sample
collection* storage, and analysis procedures, as well as the instrumentation cal ibra-tion and maintenance protocol. These procedures do not vary unless revis ions are
approved through proper channels . The quality assurance plan also includes documentedStaff training procedures. All laboratory personnel have scientific educational back-grounds.3 VQ
The laboratories quality assurance programs conform in all detail to that specific^ by
the Environmental Protect 'on Agency (EPA) . All testing and analytical proceduresCQ&ed
in the laboratories have been developed using the standard methodologies of the E&b,Anerican Society of Test ing Materia l (ASTM) , American Publ i c Health Assoc iat ion (APHA) ,
Water Pol lut ion Control Federat ion ( W P C F ) , American Industrial Hygiene Assoc iat ion
(A IHA ) , Food and Drug Administrat ion (FDA) , and the Associat ion of Off i c i a l Analytical
Chemists (AOAC) .
Laboratories provid ing analytical support for the South Cavalcade Site Sampl ing and
Analytical Plan are all act ive partic ipants in the Environmental Protection Agency'sperformance evaluation test program for conventional and organic pol lutants .
Specif ic laboratory QA/QC procedures to be followed for this project are inc luded in
Appendix II, Laboratory, QA/QC procedures. Qual ity assurance programs for thesubcontractor laboratories are available on request.
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7.1 Introduction

tlII•III
The purpose of this section is to identify the specific sampling and analytical,
quality assurance/quality control and health and safety procedures to be utilized in .the field invest igation conducted during the South Cavalcade Program. Procedures for
air sample collection, exploration well installation, fall ing head permeabilitytesting, subsurface soil sampling, surface water sampling, sediment sampling and
groundwater sample collection are based upon the specific standard operating procedure(SOPs ) identified in the ftEM-II - Field Investigations Protocols . Specif ic procedures
for meeting quality assurance/qual ity control requirements to be uti l ized during this
activity are based upon the REH-I1 Quality Assurance/Qual ity Control Plan . ^
Requirements used to meet health and safety needs for on-site and off-site activity ar

based upon the REM-II Health and Safety Assurance Manual . It is intended that thisplan be used as a guide to select field procedures and that these identif ied prcg>dure<|
be followed to assure valid analytical results, ^ •
7.2 Health and Safety Procedures o
7 2 1 Overv i ew : The purpose of these procedures is to identify the spec if ic healthand safety requirements necessary to implement the field activities identifiedin the project operations plan ( POP ) . Specif ic criteria used to determine fiel •monitoring and personal protective equipment are based upon guidel ines ident i- •

fied in the REM-II Health and Safety Assurance Manual. It is intended that thisclan be used as a guide to select field procedures and that these ident if ied _
procedures be followed to assure that appropriate health and safety concerns ar |
met.

I

7 .2 .2

7 .2 . 3
setting is contained in bection j part .5.1 . —
Health and Safety Procedures: The REM-II Health and Safety Assurance Manual •
which outlines the specific health and safety procedures is to be implemented |during investigations at hazardous sites and controlled substances work areas.
The procedures outlined in that document will be followed during the South
Cavalcade investigations. |
The following pages present some of the information critical to mainta ing the
established Health and Safety procedures. This information includes: |

o Site personnel safety forms.
o Required and contingent personal protection. ||
o Emergency phone numbers and services (all emergency phone,calls to be

made from the front gate. * ||
o Health and Safety data on chemicals that may be encountered during the ii
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SITfe PERSONNEL PROTECTION & SAFETY EVALUATION FORM
EPA WA NO.

PAGEJL_OF__
REM II DOC. NO. 143-wpi-op-ATAp-

StTE:.South^nmlcade Site . _
LOCATION: __Cavalcade._St*_Houston, .Tx

EPA REGION. _. VI
EVALUATOR:. ._ . N» Johannesraeyex

SITE DESCRIPTION; .̂ ^^^wp?^ treating operation on approximately ^45 acres of land. Plant was in operation
fron 1911 to 1962. ̂Suspected contaminants include creosote,, pentachlorophenol and^heavy metals.

SITE MAPS ATTACHED: Q See Figure 7. 1 _ __

BACKGROUND ENVIRONMENT |V£!̂ 1 su^51*1^5106 contamination, possible subsurface contamination.__ ______
Ain Efo contamination noted during site survey_l/1983. SURFACE WATER _Sane por*3^ areas and drainage pathways

off the site.
SOIL _J?£*?w!}.?UD!SUiri:ace so^^ contamination. Possible GROUNDVWER Evidence of groundwater contamination_

surface contamination in drainage pathways. during monitoring well sampling 4/83

ADDITIONAL HAZARDS ON SITE A packing and trucking operation currently exlnls
on the site. Site is situated in a high crime area,

INFORMATIONAL SOURCES USED C3r!^> Dresser & McKeo Contaminant Survey 7/83
. . . . . . . Carp Dtesser & McKee Site
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&..£ PERSONNEL PROTECTION * SAFETY EV**_JATION FORM
REM It DOC. NO. 143-WPl-OP-ATAD

WELD INVESTIGATION ACTIVITIES COVERED UNDER THIS SEF POP DOCUMENT CONTROt

TASK NO

__OJL-
02

J?l
04

_05
_06__

07

DESCRIPTION _

Monitoring:well, installation _ . . .
Falling Head Permeability Test
Groundwater Sanpling (Shallow and Deep)
Surficial Soil Sanpling
Subsurface Soil Sampling
Surface Water Sarpling
Sediment

0 0 0 6 7 8

PRELIMINARY
SCHEDULE

be decided

To. be. .decided
_To. be ..decided,
. .To .be .decided.
_To.i?e.decided_
-TQ_be decided

^^J ^"^ 11
™^^^ *̂ ^̂ BPW
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SITE PERSONNEL PROTECTION A SAFETY EVALUATION FORM PAGE_3_OF
P.EM II DOC. NO.

CONTAMINANTS OF CONCERN
GUIDELINE

SHEET
CONTAMINANT ATTACHED

_ Ethylbereene .... ,Y. . .

-jtetbylene. Chloride y ...
Y
y

Pentachlorophenol Y
Phenol Y

_J?i-n^fcwtylphthalate Y
Chromium Y

Zinc Y
Pyrene
.Fitioranfchene

Acenaphthene
* \

1. tlonlKAtton po1*ntl*t(*v}

1.0. L.H. SOUFICE/CHMNTITV ROUTE OF
(PPM) CHARACTERISTICS EXPOSURE

160ug/kg soil100 . 58 ug/1 water .Con, Inh,_In<5.
2000 21 ug/1 water Abs, Inh, Ing
_„„- , __ ,, ., Con. Inh, Ing5000 110 ug/1 soil ' ^
2000 23 ug/kg soil -. - . -_ fl _ ., . Mtto* XIllBr J.IPJ- — - - _110-.ug/L water _. '„ ._, .
500 200000 ug/kg soil̂ . M-—-. .- . _17000 ug/1 water .. /. _ . ..^

3

j

. ,v I1MJ HI / 1_ t.

59 ug/1 water Con, Abs, Inn
/ 3 ,„ /i ^ Con, Inh, Ing1 mg/mj 34 ug/1 water

_- ,, ., Inh, Ing79 ir*7/kg soil ' ^
.58 mg/1 water"' " . * " " " " " " ' " "_-_ ^ ,, . , Inn, Con290 mg/kg soil '

27 ug/1 water
280000 ug/kg soil _J"__-

34 ug/1 water
440000 ug/kg soil

300 ug/1 water
110000 ug/kg soil
360000 ug/kg soil

2 %A8 CH ' 0 0 0 6

SYMPTOMS OF
ACUTF EXPOSURE
MVC Memb.
Irrt. Skin,.Ey
Rosp. sys.Irrt. skin, ey
Fatigue, Nausc
Burns Skin, ey
Fatique, Head-
ache, Nausea..
Eye Irrt.
Headache, _Naus
Vfeak, Nausea
Irrt-. eys^ nos
Weak, Skin bur
' J rrt_ eyes ̂  jaos
Irrt nose
stomach _ . .. .
lung fibres is
Irrt skin, eye

-

INSTRUMENT
RESPONSE FACTORS

PID 1 FID2 OTHER

23 . . . . . . _ _ . . _ _ _ . . ,

1

^a _
^
n̂

———— _ —— — ._. -. ————

S ' '

__ . . _ . —— ——— — . . - . — -

t 9
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8TTt PERSONNEL PROTECTION & SAFETY EVAL^TtON FORM PAGE 4_OF
REM II DOC. Mai4_3-wi-op-«rw>-l

SITE PEWSOWNELfEQUIPMENT SITE ACTIVITY Monitoring well Installation
PERSONNEL'

NAME

Tto be designated

S. 9. MO. FIRM

Person at drill bit

REGION

VI

LEVEL OF
PROTECTION

n

CONTINQCMCV

B

r

VERIFY

( )
C )
< >
1

PERSONNEL PROTECTIVE EQUIPMENT VERIFY FIELD MONITORING EQUIPMENT VERIFY

.Mooprana Boots—Hard Hate HNu photoanalyzer
Neoprene Gloves C > Organic Vaport Analyzer
Air Purifying respirator Geiger Counter
Organic vapor cartridges
Tyvek cover alls (onlookers)
Saranex coveralls (person at drill bit)
PVC inner gloves____________ __ C )
.SCBft. contingency
Butyl bootoovers _TL
OECOM: Dispose of all Q-Q-

Decon Bquipnent w/Algonox doterqont solution.

c )
c )
t >
( >
( )
c >
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8ITt PERSONNEL PROTECTION ft SAFE* Y EVAU^TION FORM PAGE_A__OF
REM II DOC. NO.

SITE PERSONNEL/EQUIPMENT SITE ACTSVITY —— (P^ Pallina Hpa^ Pprmpjsbilit-y Test

PERSONNEL - . --
NAME 8.8. MO. FIRM HCQ1OM LEVEL OF CONTINGENCY VERIFY

— ., ,1*> *» AMjfqnAf*** ———— ————— — VI

I*ROTEO1ION

D C | 1

r . < *
< *

_ . _ _ , . . _ « *
, - - ̂  , . . . . _ _ . - - « >

t »
. « ̂

C 1
-

PERSONNEL PROTECTIVE EQUIPMENT VERIFY
Tyvek Coveralls C 1
Meoprene Boots * *
PTC Inner Gloves ^ j
Neoprenc Outer Glovea ( 1
Respirator - GMCH Cartridges - Contingency (

Saranex Coveralls - contingency * .
tertyl bootcovers t ^

( )

FIELD MONITORING EQUIPMEHT VERIFY———————————————————————————————————————————— .
HNu , C ?
Organic Vapor Analyzer t y

C >1 1 1 ' ' • ' i
C )
C >
C >
C 1
C 1

OECOM: Sane U U U t> » 1
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SITt PERSONNEL PROTECTION A SAFETY EVAU^TION FORM PAGC_A_OF
REMI1DOC.

SITE PERSONNEifEOUIPMENT 8ITE ACTIVITY (3) Grourriwater Sarplirn
PERSONNEL

NAME

7t> be designated

B, 8. NO, FIRM REGION

irr

LEVEL OF
PROTECTION

n _-

CONTINGENCY VEHSFY

C )

C >

t )

PERSONNEL PROTECTIVE EQUIPMENT VERIFY FIELD MONITORING EQUIPMENT VERIFY
Respirator - OCH Cartridge
PVC Splashsuits

HNu Photoanalyzor w/10.2 probe
OVA

Seoprene Boots

Inner Gloves
C )
C >

Butylrubber Bootcovers
Tyvek Coveralls

0 00 6&

C )
< )
C )

f >
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Site PBWOMNIL PROTECTION & SAFETY EVAUxTION FORM
REM II OOC.

ffri-re ffrnAftftftin fpntlfPUFMT ftlTF ACTIVITY ^) Subsurface Soil SamlinaOlTC FtRWUnWCfcfCWlrWien I OIIC »» * * ! • » • • I ——————— ————— ————— - —————————————————— T-T *-«•—• -r . . __ __ ——————————— „

PERSONNEL
NAME 8.8. NO. FIRU REGION LEVEL OF CONTINOENCV VERIFY

•Bo be designated
PHOVbUMUN

VT «« 0 € 1

1
>

4
1
^
1

- r- - « >

PERSONNEL PROTECTIVE EQUIPMENT VERIFY
PVC Splashstiit f >
Tyvek Coveralls ( )
Neoprene Boots , ^
Butyl Bootoovers * *
PVC Inner Gloves t j
Neoprene Outer Gloves j >

"; Air Purifying Respirator - CJCH Cartridqe f >
SC3ft - Continqency ( \

FIELD MONITORING EQUIPMENT VERIFY

HNu Photoanalyzer , C 1
Organic Vapor Analyzer _ C 1
npiqpr Connt-nr \ 9

C >
€ >
C 1
C J
C 5

• • -- • - . . . . . . . 1 0 n 0 ̂ o * - - • • - • - 1DECON Same
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SITt PERSONNEL PROTECTION ft SAFETY EVAL^TION FORM
HEM II DOC. NO.

SITE PERSONNEL/EQUIPMENT SITE ACTIVITY
PERSONNEL .-:•

NAME 8.8. NO. FIR

TYl h» Axiirmal-e*

PERSONNEL PROTECTIVE EQUIPMENT VERIFY

PVC Splashsuit C 1
Tyvek Coveralls f ** *
Neoprene Boots * *
Butyl Bootocfvers f >
Neoprene Gloves f >
PW: Innerdlbves f 1
Respirator - OCR caHirirfg^ ( >

! , . ( >

1 OECON: Same

f6) <ftfl-fj«pp Wflhflr 5^mp1irxj

M REGION LEVEL OF CONTINGENCY VERIFY
*ROTfcCMON

VI D C C >
< 1

< ,
< »
C >« 1
C J

FiELD MONtTORINQ EQUIPMENT VERIFY

HNi> «... * *
OVA r i

( 1
C 1

C )

-
U vj w O u ^4
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Site PERSONNEL PROTECTION A SAFETY EVAL^TION FORM PAGE_4_OF
HEM II DOC, NO. 143-wpi-op-M-Ai

SITE PERSONNEL/EQUIPMENT SITE ACTIVITY
PERSONNEL. .

NAME 8.8 . NO. FIR

To be designated

PERSONNEL PROTECTIVE EQUIPMENT VERIFY

WT Splanfvxiiit- { 5

.fywtfe CrnnsrAlls C t
Neoprene Boots ( )
Butyl Bootoovers . .
Neoorene Gloves ( )
PVC Irmergloves ^ j\
Respirator - GMCH Cartrid^ - Contingency / *

( )

DECON: Sana

(7) Sodinient Sanplinq

M REOtON LEVEL OF CONTINQENCV VERIFY
PROTECTION

VI D C f J
C I
f )
1 »
« >
C }1 5
C 1

FIELD MONITORING EQUIPMENT VERIFY

HMii ,.. f i

OVA ( )
Geiger Counter ( )

C I
C )
C )
« >
< )

' 0 0 0 6 8 5
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SITfc PERSONNEL PROTECTION A SAFETY EVALUATION FORM PAGE_5_OF___
REM It DOC. NO..143-WRl~QPrflEflCHL

CONTINGENCY CONTACTS OENOTFS RrOUIRCO INFOnMATION

__AOENCY _

•FIRE DEPARTMENT
POLICE DEPARTMENT

HEALTH DEPARTMENT
• POISON CONTROL

CENTER
• STATE

ENVIRONMENTAL AGENCY
• EPA REGIONAL OFFICE

CONTACT

City of Houston
City of Houston
Harris

PHONE NO

(713) 227-2323 STATE

(713) 222-3131 pAA

(713) 342-8685

AGENCY CONTACT

CIVIL DEFENSE . . . . . . .

ON SITE COORDINATOR Mr, John Cochrao.

PHONE NO
(713) 463-8261

(713) J63-8261

.(214*_J6Z-r263Q

• John
(713) 479-5981
(214) 767-2630

• SWE SPILL
COHTRAOTOR

MEDICAL EMERGENCY
NAME OF HOSPHAL-Citizen General Hospital AOORess7407 North Freeway.-..Houston. ... PHONE NQ (713) 691-3531
NAME OF CONTACT. . . . . . AODRCSS - . . _ _ . _ , „ . . _ . . . . . . . . . . . PHONE NO._______..«...„..

MAP OR ROUTE TO HOSPITAL: Take Cavalcade east to Route 59, Route 59 to 610 WEst Boute 610 West tO.,tforth_Freeway
Exit at Little York Street. Take right on Molly, Hospital on left.

TRAVEL
HtOM SITE (MINUTES) 25 DISTANCE TO

HOSPITAL (MtLES) 10 NAMF OF 24 MR
AMUUt ANCE SERVfCE (713) 222-3434

0 0 0 6 8 6
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Spray workers exposed at 0.5% Dursban emulsion in
field mats *or malaria control on premises showed a mea-
surable decrease in plasma and red cell cholinesterase lev-
els ( 10: In trvi study, 5 of 7 sprayers ihowed more than 50 per
cent reduction in cholmesterase within two weeks after
the *prav>rvg prog'am began In another study/61 human
volunteers were exposed to thermal aerosols containing
Dursban insecticide (or one penod Exposures of 3 to 8
mmutes at concentrations o* aboui 0.8 fim/m1 in air pro-
duced no significant alteration of cholmesterase levels
This concentration resulted from the recommended appli-
cation rate m ihermal fogging

Available studies indicate that Dursban is rapidly rneta-
bolted m the animal bodv'8'

There was evidence of teratologic or reproductive ef-
fects in male and female rats fed l.Omg'kg per day during
a three-generation reporducnon and fertility study.'"'

ATLVo f 0 .2 » ndaSTE l of 06 mg/m1 are recommended
lo rr*?venl any measurable decrease in plasma cholmesler-
ase attunes and provides a very wide margin of safet\ m
presenting chodr.ergic sympioms QI organic miury

Mjnu*', 2nd ed . British Crop
References:
1. Martin, H.: Peiiictf

lion Counc*! 0971).
2. Spencer. I.Y.: Guide lo the Oennca/s Used <n Crop P'ofec-

1(0". C»"id* Depi of Agnculture (1968)
Merc* Inden. 9ih ed . p 281. Merck & Co . Inc.. R«h*ai N.J
0976)
C«y, H.I.: Down to (tnh 2J.26 (19651 A Dow Chem.ca' Co
Publication.
C*in«.TJ.: To* 4pp' Phirm 14.515(1969)
ludwif, P.O., Kili*n, O.|., DilKburfef, H.|., fd»ard*. HA.:
Moiquiro fvews JOJ46 (1970)
tAO/WHO Pecticide Residue Report, No f AD/RES 72 fea
(Movember 1972)
The Do* Chemical Company: Personal communication lo
TIV Committee. Midlmd, Ml (1973).
Griffin, TJ. ei a/ 5oc Tox. Abitnct Ho 32. Atlanta. C*.
(March 1976)
tliitoo, OX, Oanmer, M.f ., vonWindeguth, O.C., KilfUitrick,
J.W., Su î, |.I, khoof, H.F.: Mosqu'fO \ew* 29591 (1%9)
The Dow Chwtiic*) Company: Communication to the 1U

of unpublished data (1972)

3.

5.
4.

7.

10

11.

CHROMIUM

Mf!*' and Inorganic Compound! ** C'

TIV. 03 mg/m 1— Metal
0*5 mg/m1 — Cr II Compounds
0.5 mg/m1 — Cr III Compounds
0.05 mg/m1 — Water Soluble Cr VI Compounds
0.05 mg/m1. Appendix Ala— Recognized Carcinogen
— Certain Wafer Insoluble Cr VI Compounds

Chromium is i metallic e'emenf, jioffi'C lumber 74.
Atomic weight $1 956. m Croup V'/S of the periodic table ii
/s a Siee'-gray. /usf'ous me(d'. wiih a specific gravity of 7.20
The netting pom/ is 1900° C and fcoi'/s jr 2642° C The
metif /eacfs with dilute hydrochloric tcid and tutfunc
jcid. but DO' with niftic acid

Chromium metal was first isolated in 1796 The chief
uses of chromium and chromium compounds are in stain-
less and alloy steels, refractory products, tanning agents for
leather, pigments, electroplating, catalyst and in corrosion
resistant products Chromium is obtained from chromite
ores (f eOCrjCj) Relatively large deposits of chromite ore
were found near Baltimore in the United States bu'. no
mining has taken place there itnce 1%V

Chromium can have a valence of 2. 3 or 6. and a wide
range of chromium alloys and inorganic chromium com*
pounds *r« encountered in Ihe workplace. The** chromi-
um compounds van/ greatly in their toxic and carcinogenic
effects, for this reason it is necesury to divide chromium
and Us inorganic compounds into a number of groupings
— each with its specific TtV based on available toxicotogi-
cal and epidemiolo|ical evidence. These groupings are:

1. Chromium metali and alloys
This grouping includes chromium metal, stainless
Steels and other chromium-containing alloy*.

2. Divalent chromium compounds (Cr 14) (Chromout
compound!)
This grouping includes chromous chloride (OO.)
and chromous sulfate (GSO*)

3. Tmalent chromium compounds (Cr1*) (Chromic
compounds)
This grouping includes chromic oxide (CtjOi).
chiomic sulfate (O^SO*])). chromic chloride (OCM.
chromic potassium sulfate (tcC^SCM:) and
ore (FeOOjOj)

4. Hexatatent chromium compounds (Ct**)
This grouping includes chromium tnoxide
the anhydride of chromic acid *- chromaies ( e g .
Na?CrCM, dichiomaies (e.g.. NajOiCM and potych
romates Certain hexava'ent chromium compounds
have been demonstrated to be carcinogenic on the
basis of epidemiological investigations on worths
and experimental studies in animals In general these
Compounds tend to be of low solubility m water and
thus may be subdivided into two subgroups
(a) Water soluble heuvalent chromium com-

pound!
These include chromic acid and us anhydride.
and the monochromates and dichromaies of
sodium, potassium, ammonium, lithium, cesi-
um and rubidium.

(b) Water insoluble heuvatent chromium com-
pounds
These include zinc chromate, calcium chro-
mate, lead chromite. barium chromate. stron-
tium chromate and sintered chromium tno*-
ide.

Heuvalent Chromium
The first cases of occupational health effects frqfh hexa-

vatent chromium were reported in 1627"' by Cumin, who
observed cases of ifcnt utceration and dermatitis in dye
worker* handling pota&sium dichromate. Mackenzie111 in

r*-
cc
vO
O
O
O
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1884 rcpoied that perforation of the nasal septum oc-
curred m workers exposed lo potassium bichromate. Da-
Costa et *ft[ in 1916 described chrome ulcers in tanners
and dryers Parkhurst 1 * 1 in 1925 reported chrome dermatitis
in blueprint workers exposed to potassium d'Chromate
B'oomfield and Blum'*' reported on then sludv of electro-
platers exposed to acidic mist of hem va lent chromium
compounds They noted that 20 or 23 wo'kers examined
showed evidence of perforated or ulcerated nasal septa
and skin ulcers (chrome holes) The Factory Inspectorate in
Great Britain'7 ' reported in 1930 on the results of medical
examinations of 223 persons engaged in chromium plating.
42 6\ had dermatitis or skin ulcers and 52% had perforated
or ulcerated nasal septa

The occupational health literature affords abundant evi-
dence that hexavalenl chromium compounds mav Muse
irritant and allergic contact dermatitis, skin ulcers, and na-
sal irritation varying from rhinitis to perforation of the nasal
septum Dermatitis from exposure to soluble hexavalent
chromium has been reported m hthog'aphers18*' d<esel re-
pa" shop wooers' 10 ' *"d leather workers 1" 1 Soluble chro-
mates in cement have been staled to be the cause of ce-
ment dermatitis m some workers'1"1

Attempt have been made lo correlate the airborne lev-
els of hexavalenl chromium with irritation of the nasa1 mu-
cosa In ihe stud\ b\ Bloomfield ar»d Blum,(fc| electroplates
were exposed to estimaied exposures ranging from 006 to
2 8 mg 'm1 (as G**) Levels of Cr** in the (orm of chrom.-
urr> tnoxide. were capable of giving rise to nasal muation
At concentrations as low asOOb mg'm1 ti is difficult lo rule
out the importance of persona' hygiene m the production
of nasa1 symptoms from direct transfer of chromium (Ct** )
to the nasa! mucosa Nasal irritation is produced from ex
posure to soluble chromate and bichromate sails as well as
to throve acid misl. lUU) The studv by the U.S Public
Health Service'"1 noted that ihe mean concentration of
water-soluble chromium in plants where nasal irritation
was encountered was 0 068 mg/mj as O**.

Epidemiologist studies showing an increased inci-
dence of lung cancer among workers involved in the man-
ufacture of chrome pigments have been reported from
Germany,»" Morwav'161 »nd United States<"> Machle and
Gregonus011 first reported increased incidence of lung
cancer m the United Stales chromale industry. Baeljer* 18*
carried out a case control studv and confirmed the in-
creased risk of tung cancer among the U.S- chromate work-
ers Mancuso and Hueper*1*' attempted lo eslimale the air-
borne e«posures to chromium in (hose who developed
lung cancer. They found ihjt these workers were exposed
to 0.01 lo 0.1 S mg/m1 of water soluble chromium and 0.1 lo
0.58 mg'm1 of water insoluble chromium. The insoluble
fraciion was denoted as Cr 1* and ihe soluble as O** bul il
rs impossible to assign Cr** or Cr>* exclusively to either
fraction.

The chro.male workers in the preceding studies were
expoied to various O1* *«d Cr** compounds as well as to
other substances In general, the evidence does not suggest
that ehiomiie ore. a water insoluble Cf3* tubstance. it a
carcinogen. While the evidence is Incomplete il does ap-
pear that certain Cr4* compounds, mainly water insoluble,
were involved in increased risk of tung cancer. The experi-
mental data from animals supports the view that water in-
soluble Cr** compounds, e.g., chromic and Zinc chro-

mates. are carcinogenic, whereas the soluble forms are
not mt Royle,"11 however, has reported an increase m lung
and other cancers in chrome platers in England

Hexavalent chromium compounds have been sa>d lo
also cause kidney damage in workers'2'7'1 where absotp-
lion through damaged skin has occurred.

The TIVs for hexavalenl chromium compounds a*e rec-
ommended as follows:

(a) Water so'ub'e hexavalenl chromium com-
pounds (see examples noted above) A TlA O|
0-05 mg 'm' as water .oluble Cr*- is considered
adequate lo protect against irritation of the re-
spiratory uact and possible kidne^ and liver
damage f-ilOSH in ihe criteria document on
chromic add1*4' recommended that occupa-
tional exposures be controlled to prevent expo-
sures above DOS mg/m1 TVXA In a tatei enter, a
document on hexavalenl chiom.um : i' MOSri
recommended a permissible exposure limit ol
0025 mg/m1

(b) Cenam water insoluble hexavalenl ch»on-.ium
compounds (see examples noted above) AAIA
of DOS mg'm3 as water insoluble Cr*" a^Arir..
seruon in append'* Ala is recommended
is. unfortunate' * , little previous en
data (rom those exposures associated witb-jn-
Creased respiratory cancer risk \\ith theTJaia
available, how^ve'. this TlA provides an^Se-
quale margm of safety MlOSH recomme<J3ed
a permissible exposure limit of 0 001 mg m1 tor
ceria«n insoluble hexavalenl chrom (um com-
pounds (Jii

(c) Mixed exposure to soluble and insoluble he*a
vatent chromium compounds A Uv o< DOS
mg/m1 as Cr** is recommended

(d) Chfomne ore processing
Chromale pigment manufactu'e
It may be advisable to list these process TIVs
both as 005 mg/m* as Cr and include them in
appendix Ala thisTLV will serve lo draw atten-
tion to those processes where increased risk of
cancer has been associated with chromium
compounds-

Chromium Metal
Dhalent chromium compounds
(see examples listed earlier)
YHvatent chromium compounds
(se« examples listed earlier)

Early studies indicated that rivalent chromium and
teni chromium compounds have a low ordet of loxiciiv "*'
Detmaiilii has been reported m workers handling tnvalent
chromium compounds.01 **

Chest X-ray* carried out in workers exposed to chromite
dust have been reported lo show "exaggerated pulmonary
markings"'"1 and Prtncief a*101 have reported pulmonary
disease in workers exposed to (errochwme alloys with
chromium levels in air of 0.27 mg/m1 reported. Other dusts
and fumes were present, however, in this plant, fxpovure
to chromium metal does not give rise to pulmonary fibrous
or pneumoconiosis. " ' '
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Because of the low to*icity of the metal and its divalent
and trivaiVni compounds, a TLV of 05 mg/m1 as O is f*C-
ommende-d This TlV should be adequate lo prevent pul-
monary d-vease or other toxic effect

Olher recommendations. Chromic acid and chromates,
as Cr. Sweden (1978) 0.02 mg/m1, Czechoslovakia 0%9)
0.05 mg/mA USSR (1976) 0005 mg/m*. lower valence chro-
mium, Sweden 0.5 mg/m1 for metat and compounds, as O;
USSR, chromic oxide 1 mg/m1, chrome alum 0-02 mg'mJ
and chromium trichloride 001 mg/m1. all as Cr

1.

Z
3.
4.

5.
«.

7.

10-
11.
12.
13.

IIIIIIIIII
I———CHROMYL CHLORIDE
• Chromium diokychloride

IIIIIii

, Committee on Biologic*! Effect* of Atmospheric
National Academy ot Science*, Washington, DC

Cwmiiw Wj fdmbuff Med Sug I 28295-312 (1827)
M*cke*uie, IN- IAMA 3601-603 (i»4)
DaCotU, |.C tone*, I-PX, Rotenberger, K.C.: Ann Surg 63
155 16fr P916)
*ariS«rtt, H.J.: Arch Dfnitot Sypn.tol 1^253-256 (1925)
floomf*e4d, |.|, Uum, W.: Pub Hejlt* Rep 4J 2330-234?
(1926,
Mtdkal ln*pe<1ofate ftf f«to«e»: / Ind «>g 1/3U-J1S
(1930;
McCo*d. C-f - Higgjnbotlom. H.C., McGuire, |.C: /AM* W 1
043-10*4 (1930)
levin, HJM. Irunne?, M.|. and Kattne«, H.: /AMA 169566 SfcC
(1959,
Winrtoft, It-, W*r*h, IA».: /AMA 14' 1 133 113* (1951)
Mom*. C-L: Arch Ind Htilih 11.3t£ 371 (1955)
tftfl*6^fti*n, |Jt.: Acl* De"n V'en^^o' 32 467-466 ( 1952J
Ma<SI«. W.. CTgonui, f.: Pub Hfa'fh Ktp
(1948;

14. Fpdwaf Securit> Agency: Health of Worker* in Ch'tjm»ic fro-
duong Industry — A Study. US Pub HeaHK Ser\, Div of
Occupational Health (1953)

15. OMI, E, Kotch, f j Arch Cewerbepaih Cewerbthyg I^IM
170. Germany (t943)

H. Canganj, S. and Noneth, T.: 0m. y intf Mrd J/62-65 (19?5)
17. fQuruMe environmental Hearth, Inc.: An [pidfmiolog'Ci!

Study of Worsen m le*(f Chiomatf ttanfs. final repon to The
Dry Color Manufacturer* Attoc. Arlington, VA (June 25. 1976)

11 Baelief. A_M.: Arch tnd- Hyg & Occup Mfd 7505 516
(1950)

». Mancuso. tJ^ Huepef. W.C: Ind Mfd Sug Xf358-363
0951)

30. Uikin, S4 Kuwhnw, M., Drew, LT.: Sludtei in Pulmonary
S. Inhibiion CuCtnogentw. M.C Hanna P
| R. Cifben. Ids., pp 321-351, US Atomic (nergv

Commtiston. Oak Ridge. TN (1969)
M. Koylt, H.: fm, ff« 103953( 1975)
22. fcUior, R.H.: /ohns Hoptms Hosp 8u» JJ S6-6T (19:2)
23. Hunler, W.C, lobertl, |.M.: Am / Ptthol *133-W ( 1935)
>4. NtOSH: Criteria (or i Recommtnforj $nnd*rd — Octupi*

Itont' fnpoiu'e ID Chromic Acid (1973)
25. N1OSH; Cntent for t Recommended St*nda'd — Occup*

tioni' [*po$urf to Chromium (VI) (19?5|
2b. AUttulu, K., Iaimall. I.T.: / Ind Hvg if, i (1934)
27. Moms, C-t: Arcn Derm 78 612 (1958)
36. fregert, $., Rorinun, H-- A/ch Derm 904 (1964J. absnacled

in / Occ Med 749 (1965)
29. Government o' India: Report */o 1. p 24. Minntr\ Oi iabou'(1953)
30. Princi. F. Millef. LH Davii, A. CHotak, |.: / Ocrup Med 4 301

(19621

TlV, OS525 ppm ( % 0.15

A dirk red. fuming liquid, chromyl chloride hji a mo-
weight of 754.9? Jnd j tpeciftc gravity of 1.91 Jf

^5*C The freezing and boiling pomts jce -96 5* C Jrtc/
176° C respectively It « mucib/e wi'/h caroon tetrachlo-
ride and carbon duulftde. with witer it reacts vigorously to
form CrOj, HO, OC/j and CO

Chromyl chloride is used in organic oxidations and
chlori nation!, *s a Solvent for CrOj and in making chromi-
um complete* and dv*s.

MIO5H has classified this compound as an inferred car*
cinogen, with an occupational exposure standard, calculat-

ed as Cr, of 1 jig'mM1' The subcutaneous ID» ir* mice ha^
been reported to be 545 mg'kg' 1 1

The physical and chemical properties of chromyl chlo-
ride suggest that it would belong in the group of soluble
dichromates. CrOj. etc., which are considered (bv MOSHJ
lo be non-carcinogenic, rather than the spanngK soluble
chromates that appear to have been responsible for most
chromate worker Cancers

The propsed TlV of 0-025 ppm corresponds lo 005
mg/m1 o* Cr, the same as the limit for other forms 0< hexa-
valent chromium, and twice the NlOSH recommendation
for non-carcmogenic chromium. It would be lower than
the TLV's for most oxidizing and acidic gases
fteference$:
1. NtOSH: Crittnt tor g Kecommendtd Standing — Occupational

txpoiure to Chtomium(Vi) H£W Pub No (NlOSH) 76-129

1 M»OSH: Toxic 5vbi(ince« tin. p 145, HEW fub No (NlOSH)
74-134 (1974).
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sacr if ice o< the highesi dosed group were elevated, al-
though nc hisiologic changes were evident.

Inha'at >on exposure of five rats to DBAf si* hours daily,
five days per week at 70 ppm for one week resulted in (he
death of one rai, a 57% average body weighi loss for ihe
group, a two-'old increase <n fiver and kidney-to-bodv-
weight rar«o, a 10-fold increase in total serum bilirubm, 4
slight increase in cloiiirig time and an elevated hemaio-
cm '*' Inhalation exposure at 33 ppm lot one week resulted
in a 3%> body weight loss, no significant changes in liver
and kidne» weights, slight increase m clotting time, but no
changes if* serum bilirubtn or in hemalocnt. Exposure (or
2~ weets a' 22 ppm DBAE resulted in no differences in the
tanables measured compared with controls

DBAf, as well as DL A and other 2-arnmoethanols inhibit
acetvichot=nestf rase m vitro, the degree of inhibition being
related to the numbe< of carbon atoms attached to the

nitrogen head o< (he molecule ni Thus. DBAE is a mo'e
potent inhibitor than DEA.

In view of the approximate'* 10-fold greater toxtcuv of
DBAt than DEA, which has a TIV of 10 ppm based on
irritation. and in view of the inhalation no-hej'rh-pnen
level of DBAE of 22 ppm. a TlV of 2 ppm for DBAE is rec-
ommended. This limit is believed to be sufficient (cm to
protect against systemic effects Information is not avai l-
able from which lo judge whether 2 ppm will cause unia-
tion A STtl of 4 ppm is also recommended
References:
1. Mirtung. R., Comilh, H.H.: To* AppI PhAtm 1,2466 [i%Si
2. Smyth, M.F. |r. el at Arch tnd Hyg A Orcup Meet

(1954)
1 Corniih. H.H.. OimbrausVu, T., teatt>,L.D.: Atn Ind Hi£

K>( I 3O46

DIBUTYL PHOSPHATE
Oi-n-butyl phosphate
(n-C4H5O)2(OHjPO
TlV, 1 ppm ( * 5 mg/m1)
STIl. 2 ppm ( % 10 mg'm1)

C4H,0 OH
P

tar we'g^r o' ^J
700* C t*d has a
is mso'ubie »n

»s a pale dTiber liquid « ith 3 molecu-
/( decomposes 31 temperatures dbo»e

pressure of < l mm Hg at 20C C It
and 1$ a mode^'e/i strong monobasic

It is encouniered tn industr ia l operations as an organic
catalyst a^d an anitfoaming ageni

Alihcugh no published reports have appeared on the
effects o' enpoMjre to this chemical. «>me workers exposed
to it Have complained of repiraiory tract
headache at relatively low levels. 171

A TLV of 1 ppm and a STEL of 2 ppm are recommended,
but it is possible thai this limit is not sufhc ientu to\\ 10
prevent senson, eflects

References:
1. Albnght and Wifton (Mfg.) LimilKi: B'ochure. Orga^o

pfio'oi Compound*, tondon, Engijnd (S.ovembei 19bOt
2. fciulrofnjrlec, I.: Pefional communicaiion Jo t(V Com

DIBUTYL PHTHALATE
phtha!»te; DIP

TlV, S
STEL 10 mf /m>

phthttote: it a co/orfeis, orfor/ess, very
Oily liquid with a molecular weight of 278.3* And » specific
gravity it 20* C of 1.0IW. 'I has a dittiltition range between
227and23S* C, A freezing point of -35* Candi vapor pees-
tute of < 0.1 mm Hg at 20° C The cio&ed cup flash point i$
J1S* F. autoigmtion temperature it approximately 750° f
Jnd is combustible It it tnitcible with rommon organic
tolventi, but insoluble in witter.

tl is used as in insect repetlanl for the impregnation of
clothing m

124

The acute oral 10» in Ihe rat is 8-16 g'kg When rats
were dosed twice weekly with d'butyl phthalate O ml 'kg
of body weight of a solution in oil) for» period of 6 weeks,
no adverse effects were teponed. Another group oi rats
were maintained on this regimen for V5 years without a"\
adverse effects on the parameters studied which-inciuded
l^matologv, pathology of organ tissues, aad organ
weights'*' Smithd' reported the mammal concentration
that did nol inhibit growth of rats in a chronic one-yea>
finding study was 025% of the diet. In vitro studies with
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pancreanc hpase indicated that dibutyl phthalaie is mela-
bolued similarly to fat in the diet, however, rats g«ven di-
bjtyl phthataie oraHs excreted the monobuiyl ester as the
pnnopa1 metabolite in the urine wrth phthalic acid as the
teconda'v metabolite "'

Soviet experimenters found 14' that a 2-hour exposure of
mice 10 an aerosol of dibutvl phihalaie resulted in irritation
of the eves and upper respiratory i-act mucous membranes
at exposure levels around 250 mg'm1. Al the higher levels,
labored breathing ataxia, pares's, convulsions, and death
from paralysis of the respiratory syslem. The LCso (exposure
lime not stated) was given as 25,000 mg'm', and the
threshold foi more sensitive responses as 4 mg/m\ includ-
ing changes in the numbers of the formed elements of the
blood Similar findings from acute exposures of animals,
either bv inhalation or topically, were made by another
Soviet investigator."-1 dibutyl, diethyl, dimethyl and dtoctyl
phthataies were considered noniOMC and nonirritant (lev-
els not staled in abstract).

Cagianoi'" 1 reponed that a chemical operator who swal-
lowed b\ acc ident 10 g (ca 140 mg'kg) dibutvl phlhalale
became nauseated and du/y. experienced photophobia,
lacnmation and coniunct iv it is , but made a prompl and
unevenifu! recover

In a preliminary study of exposure of 150 to 250 wooers
to vapors m air mixtures of d»e!hyl phthalaie, dibutyl
phthalaie and d >-2-ethy l hexyl phihalate, 19 persona' air
samples (collected m breathing zone of employees), 4
hours duration each, were taken over 8 different days at a
numbei O* locations in the vic in ity of the operations The
results o' the air analysis ranged from 1-6 ppm, (8- 15

mg'm') In a diagnostic muhiphasic test ing operation, no
phthalates m blood were found before and after the phiha-
late exposure and no peripheral polyneunus was, observed
in the population.""

From the standpoint of hazard by inhalation. dibuM
phthalate should present little problem because o' tow va-
por pressure, inhalafjn of significant amounts would oc-
cur only by sprav or mist exposures Its wide use as an
insect repellent for man during World War II resulied m no
report of toxic symptoms.

A TIV o* 5 and a STEl of 10 mg/m' are recommended
for d'butvl phiha'aie based on its low order lo to^ou
There are no reports that ihis level wil l cause either irnta
lion or systemic effects in workers

References:
1. Merck Inde*. 9th td, p 202, Me*ck & Co., Inc , Ra**av S|

(1976J
2. iornminn, C. ft a' Sehavio' of the O'ganiim as influenced bv

Various PUs i iCiZers 2 iefrens-Uniers forsch 703413( 19^ )
3. Smith, C.C.: Arch Ind Hyg & Occup Meet , '31009531
4. Oumbon, P. er *' dude du Metabisrne des Phihataies be u--

butyle et de Dieihyle Chei If Rat CK Acid 5c< (Di (P&bi
273 2 165 ( 197 1 } ^

5. V«ronin, A.P.: Zh Khtm. Absti Ho 91523 (19"3) __
t Timofieviltjya, LA.: Abstract Tr*ni from Jokukol Gig Prod

Ntdekhim fvpftfkhim Proitvod 2nd Publ.. p 206 P9"2) O
7. Ogianot, ft.: Scrtwen Med Wochtchr 5^1243 (19S4) O
i- Kittigh, Kobfft, Dr.; Persona' communication to TIV Commit

(aitman Kodak Co . Rothesiei. NJV

DICHLOROACETVLENE
CIC=CCI
CEILING LIMIT, 0.1 ppm < % 0.4 mg/m1)

Dichloroacetylene na* 4 mo/ecw/ar weighi of 9493 It
has a metimg range befween -66 and -64 2° C and1 ex-
plode* upon boiling It ii tolubte in alcohol, ether and ace-
lone.

Dichloroacetylene may be generated by thermal de-
composition of irichloroethylene, «s in the faulty operation
of catalytic burners at below optima! operating tempera-
Uirei (450* f) Similarly, in closed circuit anesthesia, using
Irichloroethvlene, sufficient heat and moisture may be pro-
duced from the soda-lime absorption of carbon dioxide to
develop fatal quantities of dichloroac«tylene in conjunc-
tion with phosgene and carbon monoxide ni Ol diChlofoa-
cetvlene cam be synthesized by passing Irichloroethylene
over any on* .of several alkaline materials at « temperature
Of 70* C «> 1

Very preliminary exposures Of guinea pigs indicated a
four-hour ICio at approximatety 20 ppm, death occurring
two or three days later from pulmonary edema. A similar
exposure of Mis indicated an IC» of 55 ppm dichloroace-
tyterte in the presence of 330 ppm tfichloroethylene."1

When mixed with 9 Mils of ether, the 4-hour rat IC»
was 719 ppm, that for guinea pigs, 52 ppm.*' With 7 pans

Uichloroethylene the 4-hour IC» for rats was 55 ppm.
while with 10 parts trichloroethylene the 4-hour LCsc for
guinea pigs was 15 ppm.'41

The signs and symptoms of dichloroacetylene response
are characteristic; headache, loss of appetite, extreme nau-
sea, vomiting, involvement of the trigeminal nerve and fa-
cial muscles and the "lighting up" of facial herpes

Disabling nausea occurred among individuals exposed
for prlonged periods at about 0-S to 1 ppm o< dichloroace-
tylene. Of those exposed, at least 85% were so affected '"

A number of fatalities attributed to dichlotoacetviene
have been reported by British physicians in the 1940s" 1 '
Humphrey and McClelland"1 reported on 13 cases of crani-
al nerve palsy, 9 with labial herpes following exposure lo
dichloroacetylene as a decomposition product of trichlo-
roethylene Other symptoms included extreme nausea,
headache, intense pain in the jaw and vomiting All cases
showed it definite incubation period ranging ftom 24 hours
lo three days. One patient died on the third day and anoth-
er on the Sixteenth day with autopsies showing edema at
the base of the brain.

Dichloroacelylene items lo have a different order o(
ton icily than mosl chlorinated hydrocarbons A ceiling lim-
it no higher than 0.1 ppm appears necessary 10 prevent
disabling nausea and other more *eriou.s systemic effects
Whether this TIV is low enough to provide adequate pro-
lection igamsi prolonged occupational exposure is uncer-
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ZINC CHLORIDE
ZnCI,
fume

, 1 mg/m>
STTL, 2

Zinc chloride mj> 6e in (he form of a non-comfausf/b/e,
wh/le ponder or colorless crysra/s Born jre deliquescent
tndhave a molecular weight of 136.29 and t specific gravi-
ty of 2-80" H 25* C The fume of fine chloride is white with
*n acrid odor Thu, compound boils at 732° C and melts it
about 290* C. It is soluble in water, alcohol and ether

The chloride is the common inorganic salt of zinc, and
» used in soldering fluxes, galvanizing iron, as a wood
preservative, in texti les, adhesives, dentrifices. deodorants,
embalming fluids, and in organic synthesis and petroleum
timing Zinc Chloride ii the main ingredient of some
screening smokes.

Exposure to zinc chloride fume can cause damage to the
mucous membranes of the nasopharynx and respiratory
tract Exposed persons have experienced a pale gray cyano-
S-'S 2mc chloride is caustic and can cause ukeration of
exposed surfaces of the skinni tnhalaiton may produce a
severe pneumonitis resulting from irr itat ion of the respira-
tory tract «»

Hunlenn reported 10 deaths and 25 cases of non-fatal
injury among 70 persons in a tunnel when 79 smoke gener-
ators caught fire in a storage area Most of the patients
began to recover on the tenth day and were up and about
six weeks after the incident. In two necropsies performed
on the fatal cases, membranes lining the larynx, trachea

bronchi were red and edemalous, with spots of necro-

sis. Millikcn and associates*" reported a case of fatal . ar uteinterstit ial fibrous from inhaling ZnCb smoke from a
smoke generator. In 18 days the patient developed ad-
vanced pulmonary fibrosis, acute cor pulmonale and right
ventricular hypertrophy, and ultimately died from acute re-
spiratory insufficiency.

Hardy'*' comments that zinc chloride is caustic and be-
cause of the way it is used in industry causes trouble dis-
proportionate to its harmful nature. She dies references
Suggesting that zinc compounds may have chronic effects
ferry,*! in investigating a borderline condition, found lhat
levels between 0.0? and 04 mg/m» of zinc chloride fume
for 30 minules did not result in sensory effects, but was
corrosive to metals

To preveni respiratory irritation and other effects, a TIA
of I mg/m' and a STR of 2 mg'm' are recommended,.

Although insoluble zinc compounds such as the oxide
and stearate (qv. ) appear less hazardous, there arPnot
enough data to categorize the relative hazards
soluble zmc satis, such as the nitrate and suliate

The Swedish limit (1978) for ZnC'j is also 1 rn

References:
1. Si*. M.I.: Dtngeroui Properties of Industrial Matettak.

ftemMd Pub Corp., NY (1957)
1 G*f*fM, W.M.: OcojpjtfO'ia'Diiejitfj, Pub Health $e*1097, US Cov. Pnnling Of'tce, Washington. DC (1
3. Hunter, D.: Thf Dneuft of Occuptuori. pp 3fc~-3"

Brown 4 Co . Soiton, MA (19SS)
4. Milliken, |X, Wiugh, O« Kadilh, M.I.: On Med

88)6(1963)
5. Himihon, A., K*rdy, H.L: Industrial Tovcologi, 3rd «d

Publ'iNmg Sciences Group. Acton (19>4).
6. ferry, |j Cornmunicihon to TIV Committee (1966]
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ZINC CHROMATES
2nCrO4; ZnCr,O4; ZhCr,O,
UV, 0^5 mft/m), ai O, Appendix A2 — Suspected

Carcinogen

The basic 2tnc chromate is yellow in color and exists in
prism form; molecular weight 181J6. Specific gravity 3 40.
ZnCr?O« HAS a molecular weight of 233.36 and a specific
gravity of 5.30 at 15* C, and ils cubes are dark green to
bJack in color. The dichromaie is an orange powder with a
molecular weight of 281.35. All are soluble in acids, but
gparingly soluble in water.

Although finding some use as colors, they are primarily
employed in priming paints for metals, for which they pro*
vide resistance against corrosion. The pigment zinc yellow
h potassium zinc chiomate.

Because of their very slight solubility In water, tine
chtomate is considered more likely to produce cancer of

the respiratory passages, when inhaled, than are the water
soluble thro mates. While an increased incidence 0* lung
cancer has reported among groups of pigment workers ex-
posed to chromates,'1! including zinc chromaie,'11 a classif i-cation of suspected, rather than actual human carcinogen
seems appropriate at this time.

The TIV of 0.05 mg G/m*. the same as that of lead chro-
mate, is retained for the present. A review would be m
order, however, if the limit for the insoluble chromaies was
reduced.

for additional information, see the documentation for
chromium and ils compounds in this book

Reference*:,
1. Equitable Environmental .„_..„ ...... ̂

&U&Y of Worien in lean O"omate Minis, final fepon lubmu-
led to Th« On/ Color Manufacturers A«oc (June 25.1976)

IrA. /. tfid. Mtd 3762-«>5 (.975)
44S

I
i
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Qwrta an 8 hour fiDosu'e i' about 6000 ppm i35* Cl to kill
four o' *'» rais $'g n * of gross ove'eiiposure were varying
dirges OI aiava. prostration, and respiratory distress to '-
tu»wed bv narcos»s Those iha( survived appeared lo recover
wtuhoul vtgmhcani signs or exposure '*'

Shell Chemica' Corporation 1" presents the following
observations m respect to sensory responses reported bv
unicondH'oned personnel durtng or lo'lowmg 5-rnmuie en-
po't.u'es to the vapor

Threshold. Odor 6 DnmS0^> Threshold, eve irritation 50 pom
50% Threshold, nose irritation 50 ppm

No incidents o' illness caused bv industrial handling ot
£A(t ha«e been reported Workers mav compia»n of

and transient eye irn«uon when handled m poorit venti-lated areas when the concentration eiteedi 25 ppm but
eipenence shows that transient responses do nOi leao lo
Significant (vstenvc eilects.1"

Accordingly, the TIV ol 25 ppm is recommended as a
Comfort leve/ 'or unconditioned workers.«*'

References:
t. Induiiftl HVg,ent Bullet-* SC 57 59. 5heH Chemical Corpora-tion. NY (Match 1956',
J. Communication tromO M Saftfci .md Hvgiemu Shell

ca' Corporation. iMay ;0. 1965i.

ETHVL BENZENE

TIV. 100 ppm < * 435 mg/mj)
STEL 125 ppm ( * S4S

106
75° C

mm »-•§ jr J0° C
7 j.'

<s 3

jn

o> a-r
mm -»

causes

BW* f jna »s d //re r»sk '
Jif'' Jf t j *C HJ r"S "100 ml), tut
Jno erner

coTioound 'S emploved as a so'veni and as an inter .
f m the proauCMon Of itv/ene
ben/ene tomdiv ••> characterized bv its irriiancv 10

the i»-n jno less mafKediv . 10 Ihe mucous memprjnes
jophca!ion oi ih*» I IQUIO <o ihe *km o' rabbits
aoenm^ and some exio'iaiion ano biis'efing •• ' '
^racier-ieo ethv! Den«ne as (he most severe

irruant QI the fien/ene series
On the eves and nose, the vapor at 5000 ppm rautc*

irritation, at 3000 ppm. eye irnianon ano tatri-
afc immedjie and severe, and are accompanied bv

mooeraie njsai irritation, decreasing somewhat m several
mmute-s. 41 1000 ppm. irritation and leafing, but to<erance
develops rapidiv, and at 200 ppm. the tapor has a transient

human.eves'* 1
like benzene. t(\ acute tomciiv '4 low. the dose tau' lo

{HI t m t lew minutes was 10.000 opmi4> and $000
ppm dangerous Ip'li'e in 30 to 60 minutes; animals dying

CH,CH ;- ooo
exDOsuie nad miem* consesMon ana eae-na 01 t*e
ana genpraii/ed vnce^a* h\peren~-a The narcoric

nose 'or animai* vxas 10000 ppm. reacneo ;r» iy n-ir-,u-esbv \ertnjo unsteadiness *no ataxia
mic ir ira i^ :-on e»DO<iij^e o' guinea D>^ mo"".f .s
ano ra'i at conce^iraiions irom 400 POTI to 2 JCX3

ppm. seven to eign; hours dav. ti^e davs'ivee" ior «s >cn^
as sis mfinihs p'oouced no etiects m all speoes e*cec: t^e
rat v\hicn sho^eo a sl'gnt increase m the wenjnis o' t^e
kionevs and f iver * , on the average , 'or those excoseo af JOC
ppm tor IB*> rjavs The invest igators concluded ;*3i JOO
ppm was the beginning e"erf tevpi tot cnron>c mhaiaiion
o' the vapor '-''

It is apparent that, as no svstem»c e*'ec!S can oe eject-
ed at leveis p'oaucmg O'Stmc t i v n«^a({'eeauie s-Km a*>o eve
irritation the HV must cw baseo on tnp ia;ter et'ects for
the prevention 01 O'sagreearjie irritation a U\ 0' 100 ppm
ana a STEL o' 125 pom are recommenced

[ i9**)i -5

to

ppm. Poiano (i9
Reference*:
1. CftVttt. H.W.:

II. p I23V (nicncienci. NY
2. Wolf. MJL ft 41 4rch ma Hetnh
1 OrttH. M.: Arch ftp frth PHinmk
4. Vanl, W.f., $chr«nk.

0930)

& ToticotOfv. J

(1956)

ftt
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BENOMYL
Meinvf 1<(butvlcarbamovl)-2'benzimidaiolecArbamaic;
tentale

TlV,10mg/m>
$TEL,1Sm g/mJ

COSH(CH.l (CH,

NHCOOCH,

ij a white crvsta/Nne so/<d, which hai a mo'e-
i of 2903* fi decompose* wirhout me'cn^ and

fe»i a negligible vapor pressure indiraime exposure would
fre »n oa'i'cu'J'e form Ve^v j/ienilv so/ub'e in wjrer. if ii
s-o'ub'e *n ew/fnp. acetone. dimefhWio'mamio'e andcMoro-
/orm - 1' f/uorometnr and co/onmeinf-'anc/ liquid chjorns-
*OP rapnic i" procedure;, tor o'eieTTiining rei'duei of beno-
rru" have been

IS the common name tor lhi$ fungic ide and

The acuie oral LD,o 'or the fate is > iQOOQ mg/ke The
m abstention LDv '° r the raob ' t <s > 10000 m^'ks;
i 'on 10 the shaved tnian s*un ot ten male guinea

p RS. at each (evpi as aaueous suspensions containing 5.
ITS ano 25% benomv i as the act ive mg'eo'pnt m a 50%
we' iab'e powder . resulted m nesi'-g't'e irf i ianon One o'
ifi guinea p-gs nad muo er\ihema ivvo da^s aner apoi ica-
iie*» at the hign rate AH gu^ea PIRS at ihe tv*o lo^ef rates
jnc >n a control showed no irntjt ion alter 'wo davS "*' In-
s i . i iaho^ mio the eves oi rabb'ts ot 10 mg ol drv $0% pow-
de- or 0 1 mi. ot 10% suspension m mme^t o«l caused only
le^poran, mild conjunct iva' irr i tat ion •* • The acuie inhala-
tion LCa 'S >2000 mg/m> (^ 2 mg-L l 'or ral '" and iS
«Qjiva'em to £625 mg/m j (^ 0825 mg/L) 'of dog'*1 tor
fou'-hour *xposu*es Histoiogicaiiv. there was reduction of
ipe<maiogentc act iv i ty m some amma>s With regard to this
acuvitv. no-e"ect levels for benomvi (of tout-hour expo-
sures are eau^alent 10 >100 <4W mg/m j {£ 01 <0-*1
mg/l) tot the rat and > 325 <825 mg 'm» ( > 0325 <0825
mg'U tor the dog Addit ionaitv tideen *our-houf inhala-
tion exposures di the equivalent o* 100 mg>nV (01 mg/l)
o' benomvi ovef a period o* three we*ks produced no clin-
ical or histopaiho'ogic indication ot accumulative eitects
m ihe rat "'

A lo* order 01 to»icilv has been lound in chronic stud-
ies in two-vea' ieedmg stud<es no-e'(ect levels m the diet
arc J500 ppm (0.25M tor rais (highest level fed) ana 500

ppm (005%) 'or dogs Pesticide residue tolerances ha
been tstab'isned m many food crops Th*> » a»e as h<gr-
IS pom for stone i ru < ( s and food add'i^e io'? ranc?s ̂ '^high as SO ppm »or ra i s in s ' 1 ' in a thretf-ge"p'a' 'on tai
production studv no compound-feiaied feo
lactat ion dit ie 'ences were ooserveo amor-B coruci d«a
test R 'OUDS e^en at 2500 Dpm (025%) the ^'g^eit c ietas
leve 1 lea In a le'aiogenic s tudv m rat nether tne OLICC^P
ot oregnjncv nor emorvonai deveioomeot \\ j s d"ecteo
even ai 5000 opm (0 30%), the hignesi d<eta . 'v l ev * )
dominant leihai mutagenic studv m the '£! renomv L-
not muiagen.c at 2500 ppm (025% ) , the n gnesi c«eian,
e l l ed 'S l

Ca'dmer et a'b i showed that rat and dog
>99% o' s ingle. o*ai doses of 2- l 4C benomvi \>a the
and leces wiihm 72 hours The maior meiaooi'te was/«ie-
thv' 5-hydroKv-2-ben2imida7oie-carbamate which was
present in the urine as giucuronide and or su i tate con iu-
gates Residue data on dog and rat tissues trom two-vear
chio^ic leed'ng studies demonstrated that oenomyi and its
metabolites do not accumulate m ammai t issues

In view 01 the low order o' acute «nd c^fonic lox 'C' tv
the HV o* 10 mg/m 1 and the $T £L of IS mg/m' appear
appropriate
References:
1. {.I. du Pont tit Nemours i Co., Inc.: Techn<c * > d*U

197JI
2. r*iw. H.L, Molt. IF.: / Aisoc Olt-c An*t

1 KirkUnd, M., Holt. M-. ?fiie. H.L: / Agr food C^f

4. C.I. du foM dt NemcHin A Co- Inej Lnoutimheo ctJta
5. Shtrtnan. H« Culik, R., |ack*on. fcAj TOi Appt Ph»rm

US (197Si .
fc Cardiner. |>.. KirkUnd. |.|.. Mopping H.i,: / Agr food

419-427 (19T4I

I
I
I
I
I
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BENZENE

tlV, 10 ppm ( * 30 mg/m't. Appendix A2 — Susptctwi
Carcinogen
STIL 2$ ppm < % 75 mg/mjl. Appendi* A2

is a colorless. non-poUr hawd. wah jn odor
or jrpmadc hvdroctrbons U nat a mo/ecu/jr

o' ?8 1 1. a boi'mf po«n» o' 60 T • C. rf me/nnt point
o/ S.5* C. 4 Mpor pffMu^ O/ 75 *nm H* *' ^0* C *ntf J

o» 08/"365 ar ih
tene has* //ash pom/ of - JU* C rc/osed CUP, 12' tl
*o« if 4 dinfierous r'jff nj«rd « was tormertv derived *>-
most exclusive'* bv distillation ot coil tit. but no* comet
pnman/v irpm petroleum, either by ?«Uuff'On or bv
yUiton ot toluene Benzene is tttghttv fo/ub'e »n
Soluble m ill proportions tn Hcohol. acefone and

At one lime benicne wi *^ trnponant solvent,
Oillv 'or rubber, as a diluent in lacouers. and m pa'"! *cm-
Overs Ai present such uses »re minimal, most ben«"t is
consumed m the chemical industrv, as a raw matenai for
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chpmirals H is <ound m gasoline | l r»m
trace |*v»nu«is lo it muCn as J0*o concentration in

in
ncspc

o1

o'nec *n

ppm.

200 3i8. J33 and J*0
' 190 lo t>

^ ilj| 31 to

* > a n acute pO'SOn benzene pioduCSi na 'CQUC C ' 'CC 'S
comoarao'e 'o those oi toluene. n i» t more potent narcot-
ic man me a'Lanes <v naohthenes o' Similar bO-'tng pom'S
But the tMtect 01 chronic exposure to (hi* comnouno: >s hv
tar th* mmi serious O'seAse caused hv anv 01 the
h\orocarnon solvents lt» action or\ the bone marrow
resu'i *n detectable alterat ions and m some instances
aplastif anemia The reported LOw orailv m young adult
r*ts is 38 mi/kg ' 1 '

ft iv unique amo^e h\d'ocarbon» 4* a mveioto*icant •-'
0 tata i cases ot benze*p oo^oning had been

nri"' to I9S? " V<e i >an i and Saita 1 * ' f»sted 26
'*om chrome be^zenp no'soninsj m iwo provinces
between i*jO a^o 1%3 (ipven 01 these were Oiae-

leu^errua ^\nich mav o^ve'op several vears aner
" AI eipOiu'p to benzene
Oea^s tTom benzene ha\e resulted itot^ exoo-;^e O'der 01 I'X) DD^ or mo'e In a <ew instances
at ions CM "000 Of even ^000 ppm have been rec-
w-Of^oiaces whprp aeatns occurteo Some o< 'hese

.' 1' 210 to 10SO ppm Crpenbur? (b i T0 to 1600
o*-ef na" abo*«e ^00. BOWOMCH- ' ' 100 to *'00*
one 1^^™* case descnbeo hv Huni*r*' and

S'x vea'S a"ei e*DOiU'e at OV*T 200 opm C'een-
-3 'o 1000 pom m IDUT fooms, HeJmer >"' 140 10
ane f improvemenii. Savilah

ppm. Ko/i0va. l l j l *~ lo 310 ppm V tgli
aiter lou' vea's dea f * i trom leukemia
ppm Ak-o^.' Vi 150 to bSO ppm a^d 210 10 eSOpom • ' * ' 26
pauenis with acute leukemia 0' preieukemia ikeaa ' • " ' ^00
to tiOO pom, 7 death* , all females, none irom leukemia

Wmsiow •'•' however, reported blood changes <n uo'k-
en \\ne*e concentration^ o' b*n*en* vapo* htfiow 100 ppm

'Ound Heimann *nd foro lW l iound one death and
cases vMth blood changes w-herp a>r anaivsis lo' ben-
showed a concentration ot 105 ppm Wiison iWi *e-
tK-te lata ' cases in a plant where (he average con-

cenirauon o' benzene vapor was 100 ppm In a wih room.
as%oc»at^a wnh benie^e po'son-nn
So 5" ppm So <ar as can bp octermmea the loweM
io'^rf ccnccftirauon o' benzene vapor »»otiaied with a
tatat rjse c' beniene mioncai-on tdue (o aplisuc anemia)
was ihe <iO ppm reported bv Ha^dv and Etkmt in 1948 -"' m
a piani vvh^rv repeated air analyses *ere made and a nym-
her oi other workers showed some b'ooo abnormalities.

BUnev*'2' lound latie evidence of benzene miomcttion
m a |foup 01 90 workers re^uUrlv exposed to benzene lor
about 13 veari. Concentration^ were geni-rjilv (ow but uri-
ntr\ phenol measurements md*caieo some exposures 01ihe order ot 25,*ppm« l j l ^ toiiowup several vears later
%nnw«d no evidence ot persisting blood dvscrasias. ^o
Cavei ot leukemia *'f known to have occurred m this
|roup o( workers Pignotto et &t*-* Sound workers in rub-
ber spreading operations involving naphtha with a rela-
tively h<$n oeruene toment exposed to benzene m con-
<entratto»s which *ere to' the moM part between 6 and 25
0pm A number ot blood siudins showed a few abnormali*dei but oniv two were seious to warrant special consider-ation. in one case the possibility oi leukemia was raised.
but on being removed trom his job and given iron therapy

the wofkpr fPCOvereO BcCJg iP 0' t fvpfa i ;OD
benzene e*noiure cou'd not RP 'e'^o**

Thp oihpr worket ^vas m a C'RjP * 'uCi i " l
ovtff 3 o»riort o' ^evera i v* >a 'v t\ PaR^oi 'o •'"
count below <our million a hemos'Ofv* tlf
grams and sutiered "om nose b'eeds H-s ue'

->v ,«,.,
j a FRa
I W P . ^ P
e»ro-

w i t h

H*> a > s o s ia iea
^ p'ovea oe^ze

nof cou'O

*ats 01

lions \\a\ to about *) ppm Atter his eiposu'e to
was terminated his biood picture ^adud ;v rp-
normal thp 38 workers *n thts plant we"?
15 v ea r s attcr the use ot napmha coma-ning be"*e"e ^as
d 'SCOnt 'nued Sone ShOvveO anv sig^i O' pp'manpr- r OOCJabnormalit ies There wt-re tnree dta^i. "one bt»n£ i-om
lcu»-**mia it was concluded mat 25 so™ o 1 benzene
is saie mr most workers, but mat since <r-e f-d'i f> o*
is small a TLV oi 10 Dpm was
a summarv o' the iinom^ m tne
came to a similar conclusion

These conclusions we*e cons-s; *n-
FuChs ' ; T | m 1%9. who touno var ia t i on s <n me
lures ot three workers but O'O no; co^i ce
changes were proven to result irom ii
surcs o' 19 .28 and J3 ppm resppct ive-v
he could iind no data m the l i terature
po'sonmg m concentrations be'Ow 16
find anv Soviet report which citeo 'easons ior
the Russian MAC to o ppm.

Two investigators have studied tHp e"pcts 0"^
exposures at reUhveiv low (eve's o' benzene -.aoor e * ' e ^a-
ed periods Deicnmann ei a''e> to^no thai atte ' S 'o b
weevs oi 5 hour/dav 5 davs'weed e«oosure at JJ a-^c J~
ppm rais developed a moderate oeg'ee oi leunooerMa but
thai none resulted '>om 15 to 31 ppm sau ef a'"' touno a
decrease m the white blood ceH counts o' rats
7S6 hours ot enposure at SO ppm of benzene on a
o' 8 hours'dav. 5 davs'week Reouceo amou^is ot Ds*. ,n
the white cells, a depression m mveiocvt ic a c t i v i t y ana an
increase »n (he relative numbers ot rea ce" pr?cu fso's m
the bone marrow were also observed

There have been numerous reviews 01 tr-e I ' tefa^re o'
benzene mto»icanon \oteworthv are those ot the sa-
tionai Acadfimv of Sciences m >9*6Wl Ann the MOSn
crttpna documpnt nn benzene pubiisned m 1S"J )- i *s a
result 0' (his emtpmeiv. (horougi rpview. MOSH recom-
mended a workplace ttme weighted average stanoa'o ot 10
ppm. with a ceiling ot 25 ppm.

In 19"6 however SIQSH n-sueo a revised recommpnaa-
non tor an occupational etposure sianoard for uenzene ''•''
The kev to this recommendation is the statement m the
mirofluction that "flecause it is not at preieni oo*S'b fp to

wre exposure level tor a wcmogen (fie
*s ro rejff'ft enpoiu'e lo v*»n low

cjn tnn be re/»aft'v mMswwd »n the uor*D'rfce ' -V
number ot references are given, pnmanlv to support the
characterization ot benzene at a carcinogen
Thus most relate to leukemia cases associated win
benzenp exposures, either measuteo or mtetreo trom asso-
cuiton with numerous cisei ot ap'asdc anemia or oiher

blood dvscfasias Others are ep'tfemioiogic siuo-e^ on can-
cer m which no evidence ot th« aegr<*e. or even tact o'
benzene exposure is cued. Thus m at least two o' thesepapers/"-*" the word "beniene" does wot appear m these
and other papers the incidence ot various types ot cancer.

O
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g leukemia was 'ound to be higher than m the
population among certain groups 01 rubber *o'«-

«-rs Momonano s;akano'Mi *ouna SSca s e s o t leukem-a vs4J expected among rubber worners M was no'ed inai ben-
«ne has been used extensive'* m the rubber mdusi'v but
is no longer employed although u is a contammani o< ex-
tens've'v used naphtha solvents The degree 01 exposure ID
benzene m the rubber industrv during the i irst hau o' the
1940-1950 decaue mav well have oeen etcessue. Wilson-^1

has noted dea'hs and biooo abnormalities among workers
in the rubber mrjusirv du'mg the war years who were «?x-
posed on the average, 10 concerv'>«ions 01 benzene vapor
Of 100 ppm Neither Momon-Sakano or other authors Ot
stmtlir papprs quoied m the MOSH upoaie mention
whether or noi ao 'as i 'C anemia o' other blood dvscras ias
apaM irom leukemia. occurred m the, groups ot workers
that were studied

Q$HA m 1977. issueo an tmereencv Tern-
fCTS) ' * " establishing a TV\ A limn o' 1 ppm

(or benzene vaoo' ({niorcemeni o< this stancard was vo-d-
ed Dv the C O U M S I MUCH 01 ihe evioence substant iat ing this
action wai the same as thai ouoiea m the MOSH uooaie
Howeve' one add'HO"* ! paoer was cued b\ Infante ei
a/ 1 ' " 1 m which nme leukemia deaths were reported irom
two rubbe' iilm cast ing plants where benzene vapo' con-
centration ai iegeo<v rangea trom 0 to 15 ppm This report
was cn i i ca ' iv examinee m O$H*I hearings on a permanent

. with essentially the same provis ions as the £T5.
were ne<a during the summer OT 1977 The data on

exposure m ihe two plants m o,uesi<on especially
du"ng the f i r s t part Ol Ihe ten year employment period
(1940 10 1950) covered bv me studv. were tound to be m-
corr-pieie, unreliable ano contradictor^ Cven in 19T6 a
MO$H reooM 01 one oi ihe plants involved, o' MS succes-
sor, showed concentrat ions m excess ot 15 ppm a\ several
locat ions' 1 * ' A sludv bv Harr is et a/'J(" in 19^3 ana 1974
revea'ed similar findings, although the overall average ot
all sample results was signify above l ppm Dunng the
period 1940 to 1945 or 10. when many o' the involved
workers were employed, the permissible concentration tor
benzene exposure 1A$A sianoardl was 100 ppm In com-
mon with the paoers cued bv the MOSH update no inter.
mil ton on oinpr plood abnormal it .es w«s given m the In-
Unte report

tpidemtotogtc studies of workers exposed I? measured
low concentrations of benzene vapor have yielded nega-
tive or inconclusive results Thorpe1*1 atter studying the
occurrence ol leukemia m a population ot 38.000 workers
m t variety 01 European petroleum and petrochemical op-
erations, some of whom were exposed at levels o' benzene
thai occasionally reached 20 ppm over a period ot ten
years, found that deaths fiom leukemia "were not abnor-
mal" io> the countries involved OB vs 23.23 expecieol

Retrospective studies ot employees oi t large chemical
company, exposed lot many years to benzene, moitlv at
low levels, revealed no eacew mortality *JI411 A cohort ot
59«i workmen were divided into 'out exQOiure groups very
low exposures, feu thin I ppm as time weighted average

; low exposures. 2-9 ppm mpoerat« exposures. 9-24
and High eipotuies. above 25 ppm In many areas

there was exposure lo other chemical as well as lo ten-
zene the duration of exposure was aUo divided into tour
groups, with 166 workers having m excess ot 20 years

two 10

at
4 cases
'pi re-
or*,v 18

Of 10; deaths two we'e due 10
m.a and one '^ad leuxem.j as acomp i i ca t . on
cases onu one an autODsy-ronurmeo oe'r^
invoked a nrpvious exposure to oe^/e^e c<
55»0 ppm months The oiher onemia nea 1-
being 01 the aniasnc ivpe. *va» ot a wo'ker v%.m ̂53

oi benzene exposure Two o'
exposures o( 545 and 305
while the third was ot a worhe

ppm monms benzene e*0osure.
To out ihese exposure data m p#rsoect '\e t^-ee o- i^

deceased workers hao had exposures to benzene ecj-vii
fent to 40 vears empiovment m Concentrat ions %i ig- ; t
above or below 1 ppm. the exposure o> ihe tow' tn
spreaU over 30 vears, would have been at a cpnce^: . '3i,o
01 0 05 opm

The predated deaths irom anemia an
02 and 1 respeci iveiv The iaci that, aoan
etous anemia c'eaih. mere appeareo to ha\e oeen no cose
response rei juons*np. aopareniiy lea to I*"?
the authors 'hat "no morfa'.fv frndmgj otrectn
to tewene expose were oosfved" ^

The MOSH upoa'e mentions the cons i s t ent cbs?'\a
lions o' chromosoma' aberrations assodaiec w itr cre^ien
exposure, but turthef comments that the impiicfiDbns ot

I
•

fm

_
•fl
••
B

•
B

mt{ as a stimulus for a latent leukemogemc virus hji been
speculated upon1-"1 This Question was d'SCuiseo at iome M
length at the international Workshop on the Tox iCo'ogv oi B
Ben/ene held m Pans in November 19~6 Tough'" had ̂
previously reported that marked aberrat ions were 'ound
only m p'antf where concentrat ions o< benzene vaoor •
were be'ieved to be between 25 ana 250 cpm and that no B
irgn't icani changes ^ere obsen/ed ai 12 cpm fomi. i * * 1
however, stated that there haa been a few oosnive as we'i
as negative, reports at levels between 5 and 25 ppm The B
consensus o' opinion was thai the s ignif icance oi the tmd B
mg oi increased chromosome abe"ations fo' the occur-
rence of benzene leukemia was still not clear Mauten anr* _
Poiiinr*1 reported that among Ital ian shoe workers "j'mos B
ill (he cases ot fcae/nopafru due to oen.ro/ itnich te*a ,*c B
dead 5how. features o' rernuna* ifu^fri'i .. and /•*>«• 'eu-
ierrxas* were j'wayj preceoeo bvtp'ditic coftaiiioni'

Opinions of the workshop part ic ipants relative to
appropriate TLV (or benzene were varied The ima' recom-
mendation was lo retain 10 ppm as a permissible TV\A
which must not be exceeded, but it was aiso specked
benzene should not be employed when substitute mate
r<a<s were available.

DeCowm s report'4'1 of a case oi leukemia tollowmg
apparent benzene-'ftduced aplasnc anemia contains a dis
cussion which implies that there <s evidence tnai ao'asiit.1
anemia pet sp may lead (o leukemia, and that oeiaved
ca&*s Qt this d'lease are not connned to apl^siic
due lo benzene.

it is the opinion of the Committee that the charactenia"
lion oi benzene a* • (eutemogen. bv^NiQSH i*. m estens*.
vaiid. although benzene mav be wnat Truhaut has e><
scribed as a "secondarv carcinogen V4*' An A2 notat«o|
should be applied to benzene in the TLV lifimgs
^ Oft the. Qtner h»nd. the Committee does noi agree
Ihe NlOSH (ecommenoauon ot 1 pprtt as *n occupa"oni

I
I
I
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s'a«rtafd insofar as the TlV can he rtenned as
a \wotTQ The>e rs tiiile evidence thai exposure 10

toncenirahom below 25 ppm causes b'ooo
dvscras-a» •>' a^v ^nd Seinng me TiVaj lOopm as a nm*>
tortf'Rhte-0 jterage. provides «n added m^gm 01 saieiv

tf th# standard is io be set ai the lowesi practicable de-
tectable1 <>'"'(. H <s the Opinion 01 some members o» (he
Comrmnee thji a \alue low*»r ihan 1 ppm %houid be seiect-
ed In tfve absence 01 interfering substances benzen** \apor
can be measured witn reasonanie accu'arv m concentra-
tions a' least AS tow as 01 ppm. m the ptesence oi <"erta>n
mterierenres. tt mav be O't i i cuU <o achieve the p/escnbed
accur*cv and reliability even at concentrator somewhat
above 1 ppm

the e'teets the Hv n dev^npd 'o prevent are
tn nature, a ceiling deS'fcnat 'On is not appropriate

ana a STtL ot 25 ppm is recommended
N.$I (l%9l 10 PPT> Ciec^o-

pom t'SSR 0972) i 6 ppm DOR OT3)
16 pp" .̂ Sweden (19~S) 10 ppm. BRD (19?Jf 0 ppm (treats
as
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Stetion. O M. Dodio*

METHYLESf CHLORIDE
Dtchloromeihane
CH.CI.
TlV. 100 ppm ( 9s 360
STEl. 500 ppm I % 1700 mg-nv)

<eeoeo 500 DO^ vi-ues 0'
"oor JhOO oow »t"e

not
in i«d eanv i

io«'C o1

4-f nmii c» 5'X sc— .
4' * ' '

" to p'fve«i
or < » *f » 'n4u'w

PC1""
c*f*iu'p il'i

co^c
a*- -4'e^P•l e-4' - ?5* C lV'f * » -

?3 5* O
'f*C''v
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f 'J "Ol f'Olf-v ronf.n /f 500-*OUO DC^ o»

'o^te^i'a
ic.-M.Qfec oc

c 1 CO c~ ; j - c " '

ooav
c*1 o'-oe to GO *a* cc-'-

4 4^4'' B'OuO O*
o'a> tDi4 'Of fan -v aonui ^OOU

10
o'OO

n <>i ^ >:^ "o*** J j^. -ior 'Our
Heoot* »*o

at 5000nO Jiicemtbie # > < eCt on dOKt anU rjoh*!l
0»lv reduction ift Ihe rale 0> growth ill tfutnea O'^t *l
10000 DP"* four hour* a dav. 10' teven ano onf.h^'' \vf**ht

d gu'^ea D'|l but not monnev* rjDhiU 0' rats de-
-liver miurv- MoUo^'ti a»d Shaoi'o-1' reponeofour catet 01 oo>sonin| with one >aianiv apoarennv due 10

narcotic acnon Collier" repontd two ea»i ot po>von *
m o*»"i*r* who iuii«red 'rnm headache. K<ooineii.
i i *ritabit>tv. nynibneil and lin^hni in the

vi<uk'ri noieo co^D'a 1"'* ot hpadae^e. ijttRue jnOo< i^e eve* and retpiratorv pavtagei ov worne'tt«poved ai concenirationi up to 5000 ppm \turaitnetic
'ders were tound in 50%. and d'deitue dtttu'bancei m
pi the pertont e^powa Three acuie DO'tonm;* one

(o« o' conicioutneis. M»eie recorded withouta't«f

Chioud* 'Or a hourt ftj0 j c
i«/i °' ^"*1* = 0--** «he*eav «- o-«ou* e»oo-ai ISO ppm Ofoouc«o > M\ s OuV. .^e. *"u 4- e-

* Awl0011"* " :°° ODm 'eifc"«a in C0w:j * » * • «f o<i :*£ 'JO5**

In 4n eticnuve HuUv wv*r*i hea't^x 40*. '4 ct oo.*, te«.« »«r« t«00sea lfQm ̂ ,0 |ime| (o metn- ient c*,0..Ge

COncenif jt .onio, 0 50 tOO :50 Or 500 CDm .fif £*.
*>' i. i ma TJ hou'» m 4 co*tfo-'*o e** .rr>-me-i

These ttudiei wete det'C^eo to vmuijie "*e I*D«
or CtpOiurei encOunie'ea m Ihe mouUriAi ie'I.h? 4no con.
iitivd oi both ue4dv nor*-iiuciuai.?'g %apo' co«ce^r4-
j-o"! ftooiure reimtcd m 4 ptomot e-evat.on oi camotv-
hemogsob.n The ere-anon oemtted longer mtn COno

CO atone tmce metaboitjm ot the aowroeo *ei«v-

Iin
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COHb -s aopa'enuv added to '*e bodv our-
mono«iae oe'^ra "om ot*er sou'ces

CO"Oborated previous i'ng-e *«DOSU'« stud-
*n mat no de'f'enoui e"*cii uoon ihe he*Hh or pe"Qr-

adults could be deiecied w.hen tt^ev
" n**ieoM. etposed 10 iSO pom of less tor ? 5 hours

dJv Jive oa* * D*r tsetn. 'or 2 weeks. or in ihe case 01
c'i lo iM oom on i»o ro«iecunve davt ;1"
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J. Granrfiw. t ei «' 4tfh ma Kea't* 114426-441 (19561 $. M*iionj) Cancer Inititutr fl'o«wv o' r,n
C*rfino(cnicif*. DH(W Pub So

. MD -.34*

TOLUENE
Toluol
QH.CH,
St.*
TIV. IK ppm ( * 375
STEL 150 ppm ( * 560

is a co'or'ess 'iqu»d **i* i a tvO'Ca' a'omaoc
coo' /fs mo/ecu/ar ive-f^f and ipec

a*e 92 tj a*»0 0666. rewect'^ei* The boiling pomt
110 "'Cane io/'0''*ej at -95' C AI 25*" C. fne
tu'f 'i 26 mm wg The ctotea CUD 'its* po-'if u JO* f ff •$

*n wafe' DU( misc'6'e vtiin mow Ofgt^'C so'vems
'K oe'tved soie'v irom coat iar toiue^e is now.
c^'e'K t>om oetro'eu^. a^o rs present in gaso'in'

ma-»v pecoieum solvents it is useo as a jo'vem <n
ts ana coalings, for rubber o»ls res«ns e 'C. . as a raw.

tof the ma^uiaciui-e o' benzene and a host 01
other che'- i 'Ca's . mclud*ng TM TDl. anc mgreaienis oi
deie'genis dves and drugs

Because oi 'is *'de >ndusi fta' use and chemical s imitar.-
iv to ben^e^e. the i i ie*aiure ot mouii'ia' losico'ogv anc
•^dusir-a "^eoione, oarttcuU'K the iaiie* recede
ous mvestigations o* the louic e»ects o' ioiuene
ing to Patu 1( the concemrattons o' to'ue^e ana
'eou-'ea 10 cause prostration o' m.ce a^e appareniiv 3000
ppm jno JTOO ppm. respectwe'v Deaih iroTi acute po-son-
mg reijns ifo^i 10.000 ppm toluene compa'ed with 14.000

benzene Se^erat incidents oi wo'tiers be>ng ove»-
^ to'uene vapor usua"v in confined spaces, have

been reponed Longiev and co-workers'-' describe such an
event aboa*o ship w^e^e 26 me" were overcome The^e
we^e no oea*>s or serious atte'etiects So tmtat'On 01 eves
or re*p"a:o'v P^sages was observed

from the standpoint o> chrome poisoning, toluene does
not cause the severe 'f»iurv to the bone marrpw character-
istic o1 beniene potsonmg Ceu'de-Jl stated that the mv*
Ciotoi iC'tv o< benzene Mas compleieiy absent in toluenea«d other a'fcvt derivatives ot beniene Von Oettmgen ft
if" found that exposure of MIS at 2500 to 5000 ppm pt
toluene caused a lemporan/ decrease m the white-cell
count, but no evidence of injury lo blood* < or mmg organs
or live* G'eenburg and co-worker1*1 studied a group o>
pamters espoted to toluene m concentrations ranging
frorp IX to 1^00 ppm Their findings included enlargement
O* the liver, macrocvtosis. moderate decrease m ervthocvlecount and absolute Ivmphocvtosis. but no leuiopenia

Wi'son^* found that among worker exposed at (ess
Ihm 200 ppm o* toluene there were some complaints ot
Headache, lassitude and nausea, but physical findings were
etsenuaiiv negative At concentrations between 200 and
500 ppm impairment 0' coordination, momenta \ -OtS Ot
memon, and anorexia were a'so pre&ent Between 500 and
1500 ppm palpitation, extreme weakness, pronounced loss

trie

•*«+»

o' coordination a"d impairment o* reaction t.me we'
ed The red ce" count (ell m marw instances a-c
were two cases o' aotastie anemia, m v*h«cn
lowed intensive hosptia' tresiment A late-
\Aii jon' ' ' however, suggests that he dio no: '^e ow:possibility that some 0' the above e'fects we't c^e ;
benzene impurity m the toluene used

According to fairha". 1* 1 severe etposure *.o to-ue*-*
result m a pronounced drop fn the red couni a-o ca
destruction of the blood-forming elements o» t--e
marrow However. Ce^arde'* 1 siateo thai exte^s^e a
studies ciea^v md'cate that toluene *s not a bo"? m
poison While there have been occas'ona' '•eoo'ts o'
nc anemia aitrt&uied to toluene. •"' m so^e m^ance
presence of benzene <*as not prec'uOec «nc ihe-e
been no "ep-oemics" of' this disease amors to'ue^e v
ers comparable to those whic* have retu'iec "o^
zene. Po^ars i 1t» ' rePO'te3 s<» cases o' ao i a s t 'C a^t- a
o' them fata l , among glue sneers Aitnoos" ic-ue-e
the so'veni thie' iv useo. no ana ivs < s was g ive * * o* the g
involved m the iatai case Exposures m these cases
much greater than wou'd normally arise »om occupat i
use o' toluene Thus ttno» anrj Setso^-' 1 ' oe s c r >Dec a
itance of permanent e^cephaiopatrn irvoumg a ̂ a^
mha'eci to'uene »egula*iv tor over u vea-s

Von Oetimgen and co-wori«e's i4 ' tow^o tha* **u-i ia-
subiects e»posea ii 200 ppm su"e'*o siig— bu- 3e* - - •?
changes m muscular coord'nauon 7hev e? * c - jOes i"a'
such co^cenifat-ons we«e uni. iteiv to ha*,e a-^ o sce'-.c e
untoward eHecis o" hea'th Ceraroe'* ho^e^e- oe -e^c
thai von Oeiimgen > work did not IUSMV tne ^00 DD^ •<*-
it Ogata er tf-1 tound lhai expe'tnentji h0-r.a^ subieciexposed at 200 ppm fof seven hours sno^eo p'c^ongai-o'-
of reaction time, decrease m pulse rate a^c •« s^sto '-t
blood pressure Thev consider 200 ppm too nigh as i*f
MAC. Tafceuch."" exposed ra i sa i20Qopmano ̂ ..gne- co--
centrationi o' toiuene lor 12 weetis ano
for 39 davs On the basis ot d't*e'ences to
toiuene-enposed animals and contron
weight ot adrenal glands, he suggested
200 ppm for toluene should be reco

Smyth et a' reponed an oral LDso
to be 7.53 ml/kg <">

On the basts t> i the above data, a reduction <n the Uv
for loluene ffom 200 ppm to 100 ppm is recommenced
with a STEL Of ISO ppm

Other recommendations Cook (i$J5) 200 oom. SmV'"(1956) comments that this limit mat pe'mit ea'-t i'g^i c'
narcosis. Elkms 0959) 200 ppm, ASS' Wl 200 00^ L S5*
(1967) 14 ppm. Oechosiovakta (1969) SO ppm. West Ce'-
many (19^4) 200 ppm, Sweden (19751 100 ppm East Ce1-
many (197J) 5Q ppm. MOSH (1973J 10t) ppm

--e^ 10 De nJ
rc oe:nee r
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NAPHTHA
<ee. RUBBER SOLVENT

N

NAPHTHALENE
C,0H,i
TIV, 10 ppm ( * SO
STH. 15 ppm ( a; 75

a^e J sirong cojf fa' odo' d ''as a
wp'eni o-' Ufi T> ano a soeo'<c g'aMfv o' J 1<i> If me'ts a»
80.?° C. bot'sar ,?ir%" Cane hasa vapo> D^ssure a' JS° C
o' jppro*imjie'v 005" rnm He The ope° CUD ''ash oo<n( is
1^6* f and closed CUP is 190° f 'nso(t-b'e m water 'i 0> s-
tottfs m most o'gamc (o'w?ms

C*vsia'!>ne naphthalene imas ̂ ouse^otd use as a momh
teoelient. scienniic use »n scintillation couniefi it is an

raw material <o' the manutactuie oi phthanc
. naohthol hvdtongenatea naontnaienes and

aohihaienes it or its de' ivatwev a'e em-
aves explosives, lubricants, tannmg agents and
breakers

to Fiury and Ze'tiik'1* and Patt^ •*' the mhala-
ot napnthaiene vapor mav cause headache, loss o' ap-

petite ana nausea Optical neuntis and mjuries to the cor-
nea and. <n addition, kidnev damage have also been
reported Chetti and Manam11' reported opacities o( the
lens in 8 01 21 workers who had been exposed to naphthal-
ene <or about twe vears IngesUon ot naphthalene in

lar^e amounts has teponediv caused severe
anemia and hemogtobtnuf <a '*' ^ hvpe'susceptibilitv.

probabtv ̂ eneticaiU based, ti recounted"1
Ihe oral LDvi lor tats »s i?60 mg-kg**' tt ̂ \as used as an

amheimmtit tor many veats at dose (evefs, *or adults, ot 0 1
to O.S gram ihiee ttmes a dav.'T* several times higher than
the lowest teponed lethal dose for m»n o* 50 mg/lvR<« An
incident m which bUnkets containing naphthalene caused
acute hemolvtic «»<ectv in mtanis. ift some cases uu>. has
been described <*'

Pailv suggested 25 ppm as a tentative limit (or naphthal-
ene vapor m *ir He noted that this cotresponas to a satura-
don pressure ot apptoz>mateiv 25% «t 25" C. This v*lue has
b*en uwd at the Los Alamos laboratories, accoramg to

Hva:t a^c; Militant*1 Robbms 1 '01 however reDC"*c tsai
co^ceniraiion^ »n excess 0* about 13 ppm 'ei^nes ^ot 'Ce-
ab'e irtiiaiton o' the eves1 a'so suRgesieo 25 PD-^ as d te^u^e ^-^ii.

that \\ icp^esents 25°<. ni the concenuai'cn o1 na-
ne vapor m a-r saturated at 25° C ^

In vi^vv o' the fact that irritation >s etDe'>e"£fca at 15
ppm and that continued enposu'e mav »esu't m t£j'^ seri-
ous eve e'tects a limn lower lhan 25 ppm wou'd-seem m

not
Ust

The value ot 10 ppm H\ and IS
to prevent ocular enects, but

blood changes in nvpetsuscepubles
Other fecommenoat'Ons Vftest Ce'man\ 10

Germany and USSR. •* ppm.

Reference!*.
1. Hunt.*.. 2«mik. (,:

J. fitty, f JL:

o J90 I

& To«rCO'og- II. p "0

3. CKeUir C.. Maruni, U A-iftf d Ura'O J"5o3 0956I
4. ZuelttT. W.W.. Apt, t.: ( A « A. Ul IBS 09Wi
$. Stoitn^rr. HI., Mountain, |.l.: *'C* (*<• He*'* •> *9S
*. NIOSH: «e|tltn/ oi To*>C K'ecti O'

?. Am. Ind. Hfg. Atwca Hv^i*mc Cwde
0%'t

1 V«lo«t. I, Ooiitdii. SA.. ratui. f-: / Pfd ti 9CM c%i) C.i
•d m tci 7

9. Hyttt, l-C- Million, M.fj Atn fnd Hvg ASSOC 0 14 26

10. ftobbini. M.O A»ch Ina Hv« 4 Of CUD
11. C***rde. M.W.i ToifcOtojv i 8iocn»m.urv o>

j. p 230. (l«v*t pub Co .
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The TLV of 0 5 mg-nv is believed low enoug^ lo mmi-
mije the incidence o' chioracne jno prevent serous
(o the liver However, m view ot the taci thai
ch^naes m »ais resulted (rom 143 e'^ni-hou' exposures ai
ixi m^/m) o< i mixture o> penta- and he^aehiorona-
phihaienes.1"" the margin o* saietv o' :he 0 S m^-mMtmn (or
pentachloronaphthaiene mav be raiher small At thr^ time,
1 STil 01 2 mg m* *s suggested
References:
1. »o« O*r?<n*e*v W.F.: Tht Hjfofenj'ta Wva'ocJ'DO"i 7*t>r

TOXICm A Paiem-ji Di"grri Pub"t Mean* S*rv«ce Cub *4i4
ft 313 ( 195$)

2. Cottsr, L.H.: M M 4 175 2-309* 1 )
3. *nnu*' KfDOfl 0* rhf C*'?' '"iOfC'O' O' fi£ '

67 M M S O LonOO" t 1939l
4. O'lnkfr. C-K-. Wjrren. M.f,. B*nn*n. G.A.: '

S. tefmetl. C.A., Drinker. C-K« Warren. M.f.; /b-c
*, Orinhcf. CK. to-rf 1 US 119391
T. Icll. W.I.: Vfl A.ietf « US (19531
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PESTACHLOROPHENOL
; Chem-Tol; Permacide; Penta; Sanlophen 20;

Oowriode 7
C.HCUO
5*'"
TlV. DJ mg/m>
STIL. 13 mg/m>

'S a co/or'ess. no"COTiOus/'6'e solid
aid j pun^eni «j:e. T^e rnoiecuter

f f.*ie
cf OOlX?''.'*

no^CO""OS've fo
bO'/'n^ pomf or

txifnt ot

tei-.&e'3!(jre. the
Hg /( »i volatile i*
's //j tne'^ng po>nt (i T9CJ° C"

310° C 7He comoo^nc <5 to'uble in
20" C //s loluttlitv m

on /ne njrure or fne so/vcrtr fia^e-'v so/ub/e m
*s mpsr jo/ub'e in methvl

to
TJ

ho'
It «s a contact herbicide, fungicide, wood preser\at«ve

and m
The most important ef'ect of PGP mhafation is acute

g centering in the cirCuUtorv System with aCCOm-
heart tarlure Kehoe ft jf»i iouno no evidence o*

chronic po'&onmg in rabbits The smallest lethal intrave-
nous dose was 22 mg/kg The compound penetrates the
Skin reaoi'v PhyiioipgiC miurv is mainly vascular with heart
failure Inaustnal hygiene enpertence shows thai PCP and
its sodium salt are capable of inducing d'scomion and lo-
cal as well as svstemic eiiects Ousts are particularly irritat-
ing to the eves and nose m concentrations greater than 1

Some irritation ot Ihenose may occur at 0.3
Hardened workers can tolerate up lo 2.4

mg/m> iH-PCP is highly poisonous with a wide rafige ot
*<ute action but no pronounced Cumulative properties it
has been' demonstrated"' that dermal penetration is the
most dangerous pathway o< PCP exposure The acute gas-
tfic lD»i tor mice and tits are 130 and IfiJ m|/kg, re-l)l The dermal I Da >n rats is 96 mg/kg The mna-

OH

(M
O
r-ooo

lat 'On LD« 'or rats is 33S mf j-m»anc l io' m»ce 22s mg -m^ ' i 1
The rai embrvo wai shown to be mo^t suscec! D'e to t^e
IOKIC e"ecti of PCP during the ean\ phases o' o'ganoge' 1 1-
es'S '*' The world literature revea<s about 51 cases o' PC?
po>sonmg grom its use as a herbic ide. mo ' f u s c 'C i d e 0'
wood presfvative of which 30 out or Si resjiiec m
deaih •*' The survivors of PCP mto>*canon iijtie' with im-

function Circu '41 ior« v isua '
age and an acute type of scotoma lt l Other oa'^aep includ-
ed acute inflammation of the conjunct iva ana cHar-
jaensticallv shaped cornea) opaotv. cO'nea! numb-
ness ana slight mvcinasis '•' Other svmpioms invo've e^ces-
$n.e sweating, tachvca'd'a. lachvpnea. respiraiorv Distress.
hepanc enlargement and metabolic acidos-s

The 05 mg/mi TlV and the STEl ot 1.5 r^g ~*> are oe-
rived bv analogy witn othef compounds 01 s«mi'a f action
and io*tcitv m addition to the specmc ava- i ab^ e mio'">a-
(ion They are bei'Cveo low enough to present \-ascu.a' tn-
tun/.

Refer etic«:
Y. Kchoc. RJL. Oeichminn-Cfu*bl*t. W,. Kitzmiller. K.V.: ; 'no

Hvf i To* ̂M600939)
X Pattv. fX: Industrial Hvg'tnt A FoxifOJogt. -"0 *0 . Vol U. p

1401 Intencienc*. NV (1%3»
J. Dtrnidtfiko. N.M-' C'f ienj frutto i frot ZibOK***"'* *Jf9J SB

(19691
4. Schwtt*. IA, Cthrwf, f4^ Ton Appi Pwm .M/.M35
5. Anonvmoui: Csl't M**tth l?(12t 13 ( 10"0i
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o Occupational Health Guideline for
Phenol

C

INTRODUCTION
This guideline.is intended as a source of information for
employees, employers, physicians, industrial hygtemsts.
and other occupational health professionals who may
have a need for such information. It does not attempt to
present a!! da:a; rather, it presents pertinent information
and data in summary form.
SUBSTANCE IDENTIFICATION
• Formula C^H.OH
• Synonyms Carbolic acid, monohydfoxybeniene
• Appearance and cdor: Colorless to pink solid or thick
liquid with a characteristic, sueet, tarry odor
PERMISSIBLE EXPOSURE LIMIT (PEL)
The current OSHA standard for phenol is 5 pans of
phenol per million pans of air (ppm) averaged over an
eight-hour work shift. This ma) also be expressed 4s 19
milligrams of phenol per cubic meier of air (mg/m*)-
NIOSH has recommended that the permissible expo-
sure limit be changed to 20 mg/m3 averaged over a
work shift of up to 10 hours per day. 40 hours per week,
with a ceiling of 60 mg 'm' averaged over a 13-mmuie
period. The NIOSH Criteria Document for Phenol
should be consulted for more detailed information.
HEALTH HAZARD INFORMATION •
• Routes of exposure
Phenol can affect the body if it is inhaled, comes in
contact with the eyes or skin, or is swallowed. It may
enter the body through the skin.
• Effects of o»«expe*ure
/. Short'ttrm Exposure: Phenol has a marked corrosive
effect on any tissue. When it comes in contact with the
eyes, it may cause severe damage and blindness. On
contact with the skin, if does not cause pain but causes a
whitening of the exposed area If the chemical is not
removed promptly, it may cause a severe burn or

systemic poisoning Systemic effects may occur from
any route of exposure, especially after sk;n contact.
2. Long-term Exposure; Repeated or prolcr.g-d expo-
sure io phenol may cause chron.'c phenol poisoning.
The symptoms of chronic poisoning include vomiting,
difficulty in swallowing, diarrhea, lack of appente.
headache, fainting, dizziness, dark urine, menial distur-
bances, and possib!) a skin rash. Liver dair.acs^ar.d
discoloration of the skin may occur.
3. Rtporiing Signs and Symptoms: A physician shcuid be
contacted if anyone develops any signs or symjfio"ms
and suspects thai they are caused by exposure to prfe^ol.
* Recommended medical surveillance ^
The following medical procedures should be fiJSde
available to each employee who is exposed to phenol ai
potentially hazardous levels:
/. Initial Medical Examination:

—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might

-place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Per-
sons with a history of convulsive disorders or abnor-
malities of the skin, respiratory tract, liver, or kidneys
would be expected to be at increased risk from expo-
sure Examination of the liver, kidneys, and respiratory
tract should be stressed. The skin should be examined
for evidence of chronic disorders.
—Urinalysis- Darkening of the urine has occurred in

persons exposed to phenol after acctdeniaj ingesnon or
skin contact. A urinalysis should bs performed, includ-
ing at a minimum specific gravity, aJbumin. glucose, and
a microscopic on centrifuged sediment. Urinary phenol
is useful if good individual background levels are availa-
ble.
—Liver function tests; Since liver damage his been

observed in humans exposed to phenol, a profile of liver
function should be performed by using a medically
acceptable array of biochemical tests.

iiiiiiiiii
These recommendations reflect good industrial hyg-ene and med'Ca' surveillance practices and thew impiementai'Dft willin achieving an effective occupational health program However, they may not bt Sufficient io a pi eve complianceall requirements of OSHA regulations.

US DEPARTMENT Of LABOR
Oeevpai<on*i Safer? and Mtaiw

UJ. DEPARTMENT OF HEALTH AND HUMAN URVICES
Pubic Hcanh S*tv»c« C*nt*» lor DiMiM Control
National tniututt *v Occupation*1 Safety «M Hteim i
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£ ftriodit Mtdieal Examination; The aforementioned
medical examination* shouid be repeated on an annual
basts.• Summary of toiieology
Phenol in the vapor form or in solution is an irritant 10
(he eyes, mucous membranes, and skin; systemic absorp-
tion causes central nervous system effect $ as well as
liver and kidney damage. Sudden collapse is character-
istic of gross overexposure. In animals, prolonged inha-
lation of the vapor at 30 to 60 ppm induced respiratory
difficulty, lung damage, and paralysis. Systemic absorp-
tion by animals caused muscle twitching and severe
convulsions. There are no reports of human fatalities
from inhalation 'of the vapor, although one case of
severe poisoning has been reported. Ingestion of lethal
amounts (as little as t g) cause severe, burns of the
mouth and throat, marked abdominal pain, cyanosis,
•muscular weakness, collapse, coma, and death; tremors,
convulsions, or muscle (witching were occasionally
observed but were not severe. A laboratory technician
repeatedly exposed to unknown vapor concentrations
a/id liquid spilled on the skin developed anorexia,
weight loss, weakness, muscle aches and pain, and dark
unne; during several months of nonexposure there was
gradual improvement in his condition, but after brief
reexposure he suffered an immediate worsening of
symptoms with prompt darkening of the urine and
tender enlargement of the liver. Bnef intermittent in-
dustrial exposures to vapor concentrations of 48 ppm of
phenol (accompanied by 8 ppm of formaldehyde)
caused marked irritation of eyes, nose, and throat.
Concentrated phenol solutions are severely irritating to
the human eye and cause conjunctiva! swelling; the
cornea becomes while and hypesihenc; loss of vision
.hii occurred in some cases Solutions of phenol have a
marked corrosive action on any tissue on contact; on
.skin, there is local anesthesia and a white discoloration,
and the area may subsequently become gangrenous,
severe dermatitis will result from contact with dilute
solutions, and prolonged exposure may result in och-
ronosis. In workers making phenol-formaldehyde plas-
tic, the urinary level of total phenol, fret plus conjugal*
ed. was proportional to (he air concentration of phenol
up 10 113 mg/m* of work/oom air. Mice were treated
twice weekJy for 72 weeks by application of I drop of ft
10% solution of phenol in benzene to the shaved dorsal
skin; after 52 weeks of treatment there were papillomas
in 5 of 14 mice, and 1 Hbrosarcoma appeared it SB
weeks. t * •«. •
CHEMICAL AND PHYSICAL PROPERTIES
• PhyrtcaJdata

1. Molecular weight: 94.11
2. Boiling point (760 mm Hg): 182 C (339 F)
3. Specific gravity (water * !): 107 (solid); 1.03

(liquid)
4. Vapor density (air « 1 at boiling point of phenol):

3.24

5. Melting po i n t .41C( 106F)
6. Vanor pressure at 20 C (68 F) 0.36 mm Hg
7. Solubility in water, g/100 g water at 20 C (65 F)

8.4
8. Evaporation fate (butyl acetate « I) less than

0.01
• Reactivity

1. Conditions contributing to instability. Heat
2. Incompatibilities: Contact with strong oxidizers

(especially calcium hypochlorite) may cause fires and
explosions.

3. Hazardous decomposition products: Toxic gases
and vapors (such as carbon monoxide) may be released
in a Tire involving phenol.

4. Special precautions: Liquid phenol will attack
tome forms of plaitics. rubber, and coatings Hot liquid
phenol will attack aluminum, magnesium, lead, and zinc
metals.
• Flunmabiiity

1. Flash point: 79 C (174 F) (closed cup)
2. Autoignwon temperature: 715 C ( 13 19 F) r*-
3. Flammable limits in air, % by volume. Lowe^J.7;

Upper: 8.6
4. Extinguishing Alcohol foam, carbon dioxide, dry-

chemical O
• Warning properties O

1. Odor Threshold; Summer repons that theodor
threshold of phrnol is 3 ppm; the Manufacturing Chem-
ists Association reports 0.3 ppm; Thienes and Haley
rcpon 5 ppm.

2- Irritation Levels; The Documentation of TL^i
repons that intermittent exposures to 48 ppm phenol
have been observed to produce eye, nose, and throat
irritation. Formaldehyde w»s also present in this atmos-
phere at a concentration of 8 ppm. The Respirator
Review Committee considers the source of the eye
irritation to be the 8 ppm formaldehyde rather than the
phenol.

3- Evaluation of Warning Properties: Since the odor
threshold of phenol is at or below the permissible
exposure limit, phenol is treated as a material \uth good
warning properties.
MONITORING AND MEASUREMENT
PROCEDURES
• Eight-Hour Exposure Evaluation
Measurements to determine employee exposure are best
taken so that the average eight-hour exposure u based
on * single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee's breathing zone (air (hat would most nearly
represent that inhaled by the employee).
• Ceiling Evaluation ' ;
Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
lu'rbpnje concentrations of phenol- Each measurement

C
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ihould consist of a fifteen ( 15) minute sample or series of
consecutive samples totalling fifteen ( 15 ) minutes in the
employee's breathing zone (air that would most nearly
represent that inhaled by the employee). A minimum of
three (3) measurements should be taken on one work
shift and the highest of all measurements taken is an
estimate ofthe employee's exposure-
• Method
Sampling and anaKses ma> be performed by collection
of phenol in a bubbler containing sodium h>dro*ide.
followed by treatment with sulfunc acid, and gas chfo-
matographic analysis. Also, deiecior tubes certified by
NIOSH under 42 CFR Pan 84 or other direct-reading
devices calibrated to measure phenol may be used An
analytical method for phenol is in the S'lOSH Manual of
Analytical Method*. 2nd Ed., Vol. 6. 1980, available
from the Government Print ing Office. Washington.
D-C. 2W02 (GPO No. OP-033-00369-6).

RESPIRATORS
* Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How*
ever, there arc some exceptions where respirators may-
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls arc in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, ind in emergency situations. If the use of
respirators is necessary, the only respirators permitted
Are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safely Administration) or by the National
Institute for Occupational Safety ind Health.
• In addition to respirator selection,"a complete respira*
lory protection program should be instituted which
includes regular training, maintenance, inspection,cleaning, and evaluation.
PERSONAL PROTECTIVE EQUIPMENT
• Employees should be provided with and required to
use impervious clothing, gloves, face shields (eighi-mch
minimum), tnd other appropriate protective clothing
necessary to prevent any possibility of skin contact with
•olid or liquid phenol or liquids containing phenol.
* 1C employees' clothing has had any possibility of
being* contaminated with solid or liquid phenol OT
liquids containing phenol, employees should change
into uneontaminaied clothing before leaving the workpremises.
* Clothing which has had my pofsibilicy of being
contaminated with solid or liquid phenol or liquids
containing phenol should be placed in closed containers
for storage until it can be discarded or until provision is

made for the removal of phenol from the clothing lfih,rclothing is to be laundered or otherwise cleaned to
' remove the phenol, the person performing the ope--
ation should be informed of phenol's hazardous proper*lies.
• Where there is any possibility of exposure of an
employee's body lo solid or liquid phenol or liquids
containing phenol, facilities for quick drenching of the
body should be provided within the immediaie work
•rea for emergency use.
• Non-impervious clothing which becomes contami-
nated with phenol should be removed immediately and
not reworn until ihe phenol is removed from theclothing.
• Employees should be provided with and required to
use dust- and splash-proof safety goggles where there is
my possibility of solid or liquid phenol or liquids
containing phenol contacting the eyes. 00
• Where there is any possibility that emp!c\eeV>eyes
may be exposed to solid or liquid phenol orpi^uids
containing phenol, an eye-wash fountain should be
provided within the immediate work area for emergen-cy use.

O
SANITATION
• Skin that becomes contaminated wp ith pheno! should
be immediately washed or showered with soap or mild
detergent and water to remove any phenol
• Any clothing which becomes wet with liquid phenol
or liquids containing phenol should be removed imme-
diately and not r»worn until the pheno! is removed from
the clothing.
• Ecu ing and smoking should not be permitted in areas
where solid or liquid phenol or liquids containing
phenol are handled, processed, or stored.
« Employees who bar ''<: solid or liquid phenol or
liquids containing phem should wtsh their hands thor-
oughly with soap or mild detergent and water before
eating, smoking, or using toilet facilities.

COMMON OPERATIONS AND CONTROLS §
The following list includes some common operations in
which exposure tc phenol may occur ind control 9
methods which may be effective in each case: ™

iIrl
II
1
I
II
I
I
I
I

Operation
Application and curing
Of bonding re&inm
plywood manufacture;application and cunng
of molding re«ns in
manufacture of moioedarticles, such as

Controls
Process enclosure;
local exhaust
ventrjation; persona'
protective equipment

Phtnol 3
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eiectnca' appliances,automotive pans,
sand molds,utensil handles;

manufacture Of frictionmaterials, bondedabrasives, coated
abrasives, wood particleboard, and insulationmaterials
Use in industrial
coalings in drum and
can linings, milk and
beer-processing
equipment, water tanks
and air-conditioning
equipment, decorative
laminates, and textile
coatings
Use in synthesis of
thermoseSing phenolic
resins, epoxy.
polycarbonate. '
phenoxy. and
polysultone; synthesis
of apro'actam for use in
nylcn 6 f«bers, plastics,
and films
i.'s e in synthesis of
*gr:cuftu*al chemicals
and intermediates;
Syntheses Of
pharmaceutical, rubber
and ptasiic piasttcizers.
antioxidants. cunngagents, and
intermediates
Use in synthesis ol
stabilizers and
preservatives for dyes.
perfumes, and
fungicides

Use during solvent
rtfming of lubrication oil
and wax use insynthesis of additives
for gasoline aridiubncatjng fluids and
intermediates*

Process enclosure;
local exhaust
ventilation; personal
protective equipment

Process enclosure;
local exhaust
ventilation, personal
protective equipment

Process enclosure;
local exhaust
ventilation, personal
protective equipment

Process enclosure;
local exhaust
ventilation; personal
protective equipment

Process enclosure;
(oca! exhaust
ventilation; personal
protective equipment

Process enclosure.local exhaust
ventilation; persona!
protective equipment

Process enclosure.focal exhaust
ventilation; personal
protective

Process enclosure;local exhaust
ventilation; personalprotective equipment
Process enclosure;(oca' exhaustventilation. pe*ss^a! «
protective

Use in synthesis of
intermediates in
polyester production;
production of corrosion-
resistant polyester and
polyester polyols; use in
synthesis of dye
intermediates
Use in synthesis of
surface-active agents
and detergent
intermediates; in
synthesis of explosives
Use in manufacture of
disinfectant agents and
products for industrial
and household use
Use in synthesis of
synthetic cresois and
xylenols

EMERGENCY FIRST AID PROCEDURES 1^OIn the event of an emergency, institute first aid
dures and send for first ajd or medical
* E>t Exposure
If solid or liquid phenol or liquids containing phenol get
into the eyes, wash eyes immediately with large
amounts of water, lifting the lower and upper lids
occasionally Gel medical attention immediately Con-
tact lenses should not be worn when working with this
chemical.
* SlJn Exposure
If solid or liquid phenol or liquids containing phenol get
on the skin, promptly wash the contaminated stun using
soap or mild detergent and water. If solid or liquid
phenol or liquids containing phenol penetrate through
the clothing, remove the clothing immediately and
wash the skin using soap or mild detergent and water.
Gei medical attention immediately.
* Breathing
If a person breathes in large amounts of phenol, move
the exposed person to fresh air at once If breathing has
stopped, perform artificial respiration. Keep the affect*
ed person warm and at rest. Get medical attention as
soon as possible.0 Swallowing
When solid or liquid phenol or liquids containing
phenol have been swallowed and the person is con*
scious, give the person large quantities of water immedi-
ately. After the water has been swallowed, try to get the
person to vomit by having Him touch the back of his
throat with his finger. Do not make an-*unconscious

vomit. Get medical attention immediately

C

4 Phenol 1178

000709



C

C

* Rescue
Move the affected person from the hazardous exposure.
If Ihe exposed pe-'son has been overcome, notify some-
one else ind put mio effect (he established emergency
rescue procedures Do not become a casualty. Under-
stand the facility's emergency rescue procedures and
know- the locations of rescue equipment before the need

SPILL, LEAK, AND DISPOSAL
PROCEDURES
* Persons not wearing protective equipment and cloth*
ing should be restricted from areas of spills or leaks until
clearup has been completed.
* If phenol is spilled or leaked, ths following steps
thould be taken:
I. Ventilate area of spill.
2- If in Ihe solid form, for small quantities. sweep onto
paper or other suitable material, place in an appropriate
container and burn in a safe place (such as a fume hood).
Large quantities ma> be reclamed, however, if this is
no) practical. dissolve in a flammable solvent (tuch as
alcohol) and atomize in i suitable combustion chamber
3 If m the liquid form, for small quantities, absorb on
paper towels Evaporate m a safe place (such as a fume
hood) Allow sufficient time for evaporating vapors to
complete!) clear the hood ductwork Burn the paper in
a suitable location away from combustible materials
Large quantities can be collected and aiomued in a
suitable combustion chamber
* Waste disposal methods:
Phenol mi) be disposed of.
1. If in the solid form, b> making packages of phenol in
paper or other flammable material and burning in a
suitable combustion chamber, or by dissolving phenol
in a flammable solvent (such a* alcohol) and atomizing
in a suitable combustion chamber. '
2. If in Ihe liquid form, by absorbing it in vermiculne.
dry und. earth or § similar material and disposing in a
secured unitary landfill, or by atomizing (he liquid in •
suitable combustion chamber.
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1964
* Merhss. R R. "Phenol Marasmus." Jo^tatO/ 0:eu-
pQtiona! Medtetnt. M 55-56. 19T;.
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RESPIRATORY PROTECTION FOR PHENOL

Condition Minimum Respiratory Protection"
Required Above S ppm

Vapor or Paniculate
Concentration
50 ppm or less

100 ppm or (ess

Any chemical cartridge respirator with an organic vapor cartridge^) and Cjs; and
mist fiiter(s).
Any supp'ied-air respirator.
Any self-contained breathing apparatus.

A chem-caf cartridge respirator with a full facepieee, organic vapor caa'.tfgets).and dust and mist filter(s),
A gas mask with a chin-style or a front- or back-mounted organic vapor ca~s!erand dust and mist filler. v-
Any suppf'ed-air respirator with a full facep'ece. helmet, or hood.
Any se'f-contamed breathing apparatus with a full facepiece. O

OGreater than 100 3pm* * or
entry and escape from
unknown concentrations

demand or
breathing apparatus with a full facepiece operated in
r positive pressure mode.

A combination respirator which includes a Type C suppded-air respite' with a
full 'aceo-ece operated in pressure-demand or other positive pressure or continu-ous-flow mode and an auxiliary self-contained breathing apparatus operated in

or other positive pressure mode.

Fire Fighting Self-contained breathmg apparatus with a full facepiece operated in pressure-
demand or otner positive pressure mode.

Escape Any gas mask providing protection against organic vapors and
Any escape Self-contained breathing apparatus.

'Only NIOSH-approved or MSHA-approved equipment should b* used.
•'Use of supplied-air suits may be necessary to prevent skin contact while providing respiratory protection from
airborne concentrations of phenol; however, this equipment shouW be selected* used, and maintained under the
immediate supervision of trained personnel. Where suppded-atr suits are used above a concentration of 100 ppm.
an auxiliary *eif-contained breathing apparatus operated in positive pressure mode should also be worn.
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Occupational Health Guideline for
Pentachlorophenol

INTRODUCTION
This guideline is intended as • source of information for
employees, employer*, physicians, industrial hygienists.
and other occupations! health professionals who may
hive a need for such information. It does not attempt to
present all data; rather, it present* pertinent in formal ion
and data in summary form.
SUBSTANCE IDENTIFICATION
• Formula CCI.OH
• S>nonyms:PCP;penu
• Appearance and Odor: Light brown solid with a
pungent odor when hot.
PERMISSIBLE EXPOSURE LIMIT (PEL)
The current OSKA standard for penlachlorophenol is
0.5 milligram of penuchlorophenol per cubic meier of
aij (rog/m1) averaged over an eight-hour work shift.
HEALTH HAZARD INFORMATION
• Route* of exposure
Pentaehiorophenol can affect the body if it is inhaled, if
it comes in contact with the eyes or skin, or if it is
swallowed. It may enter the body through the skin.
• Effect! of oiereiposure
Exposure to penlachlorophenol may cause irritation of
the eyes and respiratory tract. Bronchitis has been
reported to occur. Systemic effects from either a large
exposure or repeated smaller exposures include weak"
DCSS. loss of appetite, nausea, vomiting, shortness of
breath, chest pain, excessive sweating, headache, and
dizziness. In fatal cases the temperature is often very
high and death may occur as early as three hours after
the onset of symptoms. The risk of serious intoxication
n greater in hot weather. Persons with decreased liver
or kidney functions axe more susceptible to poisoning
from thii chemical Repeated exposure to pentachloro-
pncnol may cause an acne-like skin r«sh and liver

damage Commercial penlachlorophenol may be con-
taminated with dioxin compounds which are much
more toxic than pentachlorophenol.
• Reporting signs and symptoms:
A physician should be contacted if anyone develops any
stgns or symptoms and suspects that they are caused by
exposure tc pentachlorophenol.
• Recommended medical surveillance
The following medical procedures shoi : 'J be made
available to each employee who is exposed to per,:ach-
lorophenol at potentially hazardous levels: ^
/, initial Medical Examination:

—A complete history' *nd physical examinationTThe
purpose is 10 detect pre-existing conditions that might
place the exposed employee at increased nsk, afi3> to
establish a baseline for future health momtonng. Egsmi-
nation of the cardiovascular system, eyes, upper re»ura-
tory tract, liver, and kidneys should be stressed. The
skin should be examined for evidence of chronic disor-
ders. Analysis of the unne for pentachlorophenol may
b« helpful in estimating the extent of absorption
2, Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annual
basis
• Summary of toxicology
Pentuchlorophcnol dust and misi cause irr itat ion of tht
eyes and upper respiratory tract, absorption results in an
increase in metabolic rate and hyperpyrexia, prolonged
skin exposure causes an acneform dermatitis Human
exposure to dust or mist concentrations greater than 1
mg/m3 causes pain in the nose and throat, violent
sneezing, and cough; 0.3 mg/m3 may cause some nose
irritation, persons acclimated to pentachloropheno! can
tolerate concentrations up to 2-4 mg/m*. Pentachloro-
phenol readily penetrates the skin; systemic intoxication
is cumulative and has been fatal. Intoxication is charac-
terized by weakness, anorexia, weight loss, and profuse
sweating; there also may be headache, dizziness, nausea,
vomiting, dyspnea, and chest pain. In fatal cases, the
body temperature is frequently extremel) high and

recommendations reflect good industrial hygiene and medical surveillance practices a.nd their implementation willti»nt m achieving an affective occupational health program. Hc-wevtr. they may not bt tufficiant to ichiewe compliancewith all requirements of OSHA regulations.

U.I DEPARTMENT OF HEALTH AND HUMAN SERVICES
Health S*<v«* C»ntv« for CfcuiM Controlfntbtuii for Occupational Safety and M«im

U.S. DEPARTMENT OF LABOR
Safity ind Mitim
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death has occurred as early as 3 hours after the onset of
%\mptoms The risk of serious intoxication is increased
during hot weather; persons with impaired liver or
lulney function are more susceptible to the effects of
pcni jchlorophenol. The dust, mist, and vapor cause eye
irritation. Prolonged exposure of workers has caused an
acne form dermatitis; 10 workers engaged in production
of pemachlorophenol for 5 10 10 months developed a
u-idely dissemmaied skin eruption characterized by
small and large furuncles, brown pigmentation, and
some cicatrization; 7 workers also developed severe
bronchitis; all but 1 worker still showed signs of exien-
u've acne more than a year after cessation of exposure,
and 4 will complained of bronchitis. On the skin,
solutions of pentachlorophenol as dilute as \% may
cause irritation if contact is repeated or prolonged.

' CHEMICAL AND PHYSICAL PROPERTIES
* Pbyn'ejJdaU

1. Molecular weight: 266.3
2. Boiling point (760 mm Hg); 311 C (592 F) (decom-poses)
3. Specific gravity (water « 1): 2.0
4. Vapor density (air = 1 at boiling point of pentach-loi ophcnol). Not applicable
5. Melting point: 182- 19QC(360- 374F)
6. Vapor pressure at 20 C (68 F): 0.00017 mm Hg
7. Solubility in water. £/100 g water at 20 C (68 F):0.002
8 Evaporation rate (butyl acetate m 1): Not applica-ble

• Reactivity
1. Conditions contributing to instability: None.
2. Incompatibilities: Contact with strong oxidizersmay cause fires and explosions,
3- Hazardous decomposition products; Toxic gases

and vapor* (such as hydrogen chloride. ehJorinated
phenols, and carbon monoxide) may be released whenpentachlorophenol decomposes.

4. Special precautions: None.
• FU*n inability

1. Not combustible
• Warning properties

!. Odor Tnreshold; The AtHA ffygieaie Guide states
that pentachlorophenol has * characteristic odor. No
quantitative information u available, however, concern-
ing the odor threshold of this substance.

2. Irritation Levels: The Documentation sf TLV*
atate» that "dusts are particularly irritating to the eyes
And nose, in .concentrations appreciably greater than I
ttt/m*. but some irritation of the nose may occur at 0.3
BJB/oi8. Hardened worker* can tolerate up to 2,4 IB*/»*."

3. Evaluation of Warning Properties: .Through its
irritant effects, pentachlorophenol can be detected
within three times of the permissible exposure limit, for
the purposes of thj* guideline, therefore, pentachloro-
phenol is treated as • material with good warning work

properties. *'

MONITORING AND MEASUREMENTPROCEDURES
* General '
Measurements fo determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken m the
employee's breathing zone (air thai would most nearlyrepresent that inhaled by the employee).
* Method
An analytical method for pentachloropheno! is in the
MOSH Manual of Analytical Methods. 2nd Ed . Vol. 4,
197g, available from the Government Priming Office.
Washington. DC 20402 (OPO No. 017-033-6^7-3).
• Gleason. M. N., Gosselin, R. E.. Hodge. H £„ and
Smith. R. P.: Clinical Toxicology of Commercial Products
(3rd ed.). Williams and Will ins. Baltimore. 1969

ORESPIRATORS O
• Good industrial hygiene practices reeommen'cPthal
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not i
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the NationalInstitute for Occupational Safety and Health.
* In addition to respirator selection. * complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT
• Employees should be DrovM^rf •"•'»** —J - - - - • • •

phenol
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• Cloihing which has had any possibility of being
contaminated with pentac^ilorophenol should be placed
in closed container* Tor storage until it can be discarded
or until provision is made for the removal of pentach-
torophenol from the clothing. If the clothing is to be
laundered or otherwise cleaned to remove the penuch-
lorophenol, (he penon performing the operation should
be informed of pentachlorophenol's hazardous proper*
ties.
• Where there is any possibility of exposure of an
employee's body to pemachlorophenol or liquids con-
taining pentachlorophenol, facilities for quick drench-
ing of the body should be provided within the immedi-
ate work area for emergency use.
• Non-impervious clothing which becomes contami-
nated with penuchlorophenol should be removed im-
mediately and not rewom until the pemachlorophenol
is removed from the clothing.
• Employees should be provided with and required to
use dust- and splash-proof safety goggles where there is
any possibility of penuchlorophenol or liquids conuin-
ing pentachJorophenol contacting the eyes.
• Where there is any possibility that employee*' eyes
may be exposed to penuchlorophenol or liquids con-
taining penuchlorophenol. an eye-wash fountain
should be provided within the immediate work area for
emergency use.

SANITATION
• SkJn that becomes conuminated with penuchloro*
phenol should be immediately washed or showered
with soap or mild detergent and water to remove any
penlachJorophenol.
• Workers subject to skin conuct with penuchloro-
phenol or liquids conuining penuchlorophenol should
wash with soap or mild detergent and water any areas
of the body which may have contacted penuchloro-
phenol at the end of each work day.
• Eating and smoking should not be permitted in areas
where penUchJorophenol or liquids containing pen-
Uchloroprtenot are handled, processed, or stored.
• Employees who handle pent&chlorophenol or liquids
containing pentachlofophenol should wash their hands
thoroughly with soap Or mild detergent and water
. before eating, smoking, or using toilet facilities,
COMMON OPERATIONS AND CONTROLS
The following list include* some common operations in
which exposure to pentachlorophenol may occur and
control methods which may be effective in each ease:

Operation
Formulation of
preservatives,pesticides, and
fungicides
Application as a
preservative for wood,starch, paint, adhestves.
feather, fatex, and oils;use in slime-algaecontrol, use as apesticide, herbicide, andsr.ail control agent
Manufacture of
peniachlorophenol

Controls
Process enclosure.local exhaust
ventilation, pe'sn
protective
Personal protectiveequipment

Process enclosure,focal exhaust
ventilation; personal
protective ec,j:pmeni

EMERGENCY FIRST AID PROCEDURES
In the event of an emergency, institute firs: aid-^roce-
dures and send for first aid or medical assistance.
• Eye Exposure **"*
If pemachlorophenol or liquids containing pema^Sforo-
phcnol get into the eyes, wash eyes immediaielfivith
large amounts of water, lifting the lower *nd upper lids
occasionally. Get medical attention immediately Con-
tact lenses should not be wore when working -Aith this
Chemical.
• Skin Exposure
If pemachlorophenol or liquids containing pentachloro-
phenol get on the skin, immediately wash the contami-
nated skin using soap or mild detergert and water. If
pemachlorophenol or liquids containing penuchloro-
phenol penetrate through the clothing, remove the
, clothing immediately and wash the skin using soap or
mild detergent and water. If irritation is present after
washing, gel medical attention.
• Breathing
If a person breathes in large amounts of pentachloro-

. phenol, move the exposed person to fresh air at once. If
breathing has stopped, perform artificial respiration.
Keep the affected person warm and at rest Get medical
attention as soon as possible.
• Swallowing
When pemachlorophenol or liquids containing pemach-
lorophenol have been swallowed and the person is
conscious, five the person large quantities of water
immediately. After the water has been swallowed, try
to get the penon to vomit by having him touch the back
of his throat with his finger. Do not make an uncon-
scious perwn vomit. Get medical attention immediate-
• Rescue * PMove the affected person from the hazardous exposure.
If the exposed person his been overcome, notify some-
one else and put into effect the established emergency

IIIIII
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n procedures Do not become a casualty. Under-
stand the facility's emergency rescue procedures and
know the locations of rescue equipment before the need
•rises.
SPILL AND DISPOSAL PROCEDURES
• Persons not wearing protective equipment and cloth*
ing should be restricted from areas of spills until cleanup
ha* betn completed,• If penuchlorophenol ii spilled, the following steps
should be taken:
S. Ventilate area-ofspill.
2. Collect spilled material in the most convenient and
safe manner and depost in sealed containers for reclama-
tion or for disposal in a secured sanitary landfill Liquid
^containing pentachlorophenol should be absorbed in
vermiculitG, dry land, eanh, or t similar material.
• U'iste disposal method:
Pentachlorophenoi may be disposed of in sealed con-
tainers in a secured sanitary landfill.

REFERENCES
• American Conference of Governmental Industrial
Hygienius: "Pentachlorophenoi," Documentation of the
Threshold Limit Values for Substances in Workroom Air
(3rd ed., 2nd printing), Cincinnati. 1974.
• Amencan Industrial Hygiene Association: "Pentach-
loropheno! and Sodium Penuchlorophenate," Hygienic
GuidtSenes. Detroit, Michigan. 1970.
• Bwder. E. W , and Biuer, H. ).: "Industrial Intoxica-
tion Due lo Penuchlorophenol." fnduuna! Medicine
and 5*1*^' 20 286-290. 195 1 .

• Bcrgner, H., el al: "Industrial Pentachlorcphenol *'
Poisoning in Winnipeg." Canadian Medical Association
,/Our/ifl/. 92:448-451 , 1965.
• Christensen, H. E., and tuginbyhl T. L. (eds):
MOSH Toxic Substances List, 1974 Edition. HEW
Publication No. 74 . 134 . 1974 .
• Fairhall, L. T.: Industrial Toxicology (2nd ed ), Wil-
liams and Wilkins. Baltimore. 1957
• Gleason. M. N , Gosselin, R. E., Hodge. H. C., and
Smith, R. P.: Clinical Toxicology of Commtrcia! products
(3rd ed.). Wilhams and Wilkint. Baltimore. 1969
1969.
• Grant. W, M.: Toxicology oftht Eye (2nd efi.), C. C.
Thomas, Springfield. Illinois, 1974.
• Hayes, W. J., Jr.: Clinical Handbook on Economic
foisons. Emergency Information for Treating Poisoning,
U.S. Pul.'ic Health Service Publication No. 476, U.S.
Government Printing Office. Washington, DC. 1963.
• Hunter. D.: Diseases of Occupations (4th ed.), Little,
Brown. Boston. 1969.
• International Labour Office: Encyclopedia of Occupa-
tional Health and Safety, McGraw-Hill. New ToVk,
1971. *""
• Johnstone, R. T., and Miller, S. E.: Occupational
Disease and Industrial Medicine, Saunders. Philadelphia,
1960. O
« Patty, F. A (ed.): Toxicology. Vol. II of Indicia!
Hygiene and Toxicology (2nd ed. rev,), Interscience.
New York, 1963.
• Spcctor, W. S (VoU. I. H). Negherbon, W. O. (Vol.
HI), Grebe. R. M. (Vol. IV). and Dittmer, D. S. (Vol.
V) (eds) Handbook of Toxicology, Saunders. Philadel-
phia. 1956- 1959 .
* Thienes, C. H., and Haley. T. J-: Clinical Toxicology
(5th ed.), Lea and Febiger, Philadelphia, 1972.
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Condition

Paniculate or Vapor
Concentration
S-Smo/rn'orless

RATORY PROTECTION FOR PENTACHU

Minimum Respiratory
Required Above 0.

Any chemical cartridge respirator with an (

JHUPHENOL

Protection*
5 mg/m1

organic vapor cannc

I••1
ige(si a^d cust, ft ™

fume, and mist fitter(s), including pesticide respirators which meet the
ments of this class."
Any suppiied-aif respirator.**
Any self-contained breathing apparatus.**

25 me /m* or less Any chemical cartridge respirator with a full facepiece, an
carindge(s). and dust, fume, and mist filtt.'(s), including pesncice r
which meet the requirements of this class.
A gas mask with a chin-style or a front- or back-mounted organic va^o
and dust. fume, and mist filter, including pesticide respirators which
requirements of this class.
Any suppiied-air respirator with a lull facepiece, helmet, or hood.
Any seif-cgnia'ned b'eathing apparatus with a full faceptece.

a*vster
e^e? the

o

C 150 mg/nVor less
"If eye irritation occurs, fuli-facepiece prc-tecuve equipment should be used.
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Project Operations PlanSouth Cavalcade Site

7. SAMPLING PROTOCOL/
FIELD INVESTIGATIONS

7777-143-WPi 26 of 189
2/20/85 Draft
Nancy Johannesmeyer
Robert K1er

7,3 Sampl ing and Analytical Procedures
The procedures Identified are specif ied for the following field act ivit ies associatedwith the South Cavalcade site:

1)2)
34
5)6
7

Air Sampling
Monitor ing Well Instal lat ion
Fa l l i ng Head Permeabil ity Test ingGroundwater Sampl ing
Surface Water Sampl ing
Surface Sediment Sampling
Subsurface Soi l Sampl ing

7.4 Ai r Sampl in ;
h-
O
OUpwind and downwind air samples wil l be taken to character ize any airborne hazar^that

may be present at the site.
7.5 Mon i tor i ng We l l Insta l lat ion
A ser ies of groundwater monitored wel l s wi l l be insta l led in and around the South
Cavalcade Site . The intent of this activity is to determine aquifer character i s t i c s .
7*6 Fa l l i ng Head Permeabi l i ty
The intent of the fal l ing head permeabi l i ty aquifer test ing is to measure permeabi l i ty
of the geologic strata in the proximity of selected monitoring wells. The testing
results wil l provide site specif ic data on geologic strata, groundwater and aquifercharacterist ics .
7•7 Groundwater Sampling
Shallow and deep groundwater samples will be collected from the monitoring wells to
determine the groundwater quality. Samples collected will be analyzed for both prioritypollutants and trace heavy metals which may be present 1n the groundwater. Results from
the analysis will be uti l ized 1n conjunction with data obtained from the monitoringwell and fal l ing head permeability testing activit ies. The following Informationshould be recorded In the field log book. Groundwater sampling should proceed inaccordance with the REM II SOP for the above. A copy of which Is Included in theappendix of this report.
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ii7777-143-WP1 27 of 18
2/20/85 Draft

Nancy Johannesmeyer T A

Well No.
Total depth
of casing

Groundwater
elevation

Evacuated
volume

Robert Kier
Conductivity
& Jemper3ture

00

h-
O
O
O

ll"IIIIIIII
7.8 Surface Water Sampl ing
Surface water samples will be collected at various ponded areas and in drainage paths •
around the site. The results will determine the presence of contamination on thesurface of the site and determine if contaminants are escaping off site through surfac
drainage paths.
7.9 Sediment Sampling
Sediment samples will be collected in drainage pathways around the site to determine if
contaminants are migrating off site through surface drainage paths. fl|
7.10 Subsurface Soil Sampling m
Subsurface soils 1n various locations on the site have suspected contain*nation. Samplei^
will be collected at Identified locations to quantify the vertical extent of Jcontamination. The soil sample program will consist of using a power auger to sample _^soil to a depth of 5 feet below the suspected level of contamination based on OVA and
HNU readings. •
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7.11 Air Sample

7777-143-WP1 28 of 18
2/20/85 Draft

Nancy Johannesmeyer
Robert Kier

7.1 1 . 1 Object ive: To characterize any airborne hazards that may be present at thesite.
7 . 1 1 . 2 Sample Type, Sample Method Method, and Sample Code:

Sample Type: Air
Sample Method: CompositeSample Code: AR

7 . 1 1 . 3 Preparatory Act iv i t i e s : Check predominant wind direction for each daysampl ing.
7 . 1 1 . 4 Fie ld Equipment: O

Equipment to be ut i l ized in this activity specif ied by PRP ' s contractor
7 . 1 1 . 5 Personal Protect ion: Level D personal protect ive equipment wil l be used during

this act iv ity with the cont ingency to upgrade to Level C. Spec i f i c PersonnelProtect ive Equipment ut i l ized in this activity is spec if ied on page 4A of the
Personnel Protect ion and Safety Eva luat ion Form,

7 . 1 1 . 6 Respons ib i l i t i e s : The On-Site Coordinator will be responsible to inspect allsample col lection tubes to assure their adequacy.
7 . 1 1 . 7 Procedures: See Method No. 3816016 of REM II Site Invest igat ions ProceduresAppendix V.
7 . 1 1 . 8 Sample Containers and Preservat ives:

Specified Analysis Contajner Volume
(1) Voltati le Organics Tennax Tubes

Preservative
None

(x) used to specify analysis, containers and preservatives required in the identifiedactivities.
Prelabe^ed sampling and shipping containers will be supplied by:

To be specified
7.1 1 .9 Sample Control: Each sampling location will be Identified by thefollowing code system: r-

SCK * AR -,AA
South Cavalcade - Air Samples - Station Number

000719



I
Project Operations PlanSouth Cavalcade Site

7. SAMPLING PROTOCOL/
FIELD INVESTIGATIONS

7777-143-WP1 29 of 18 8
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Nancy Johannesmeyer •(
Robert Kier nThe actual samples will be numbered consecutively, uti l iz ing a fourth group of

characters. The sample numbers will be ass igned, just prior to the sampl ing program, m
by the analytical coordinator. The general sampling coding method 1s descr ibed below; jB

SCK - AR - AAA - BB
SCK - Site CodeAR - Sample CodeAAA - Stat ion Code
BBS - Sequence Number O

CMA comprehens ive l i st ing of the proposed samples collected for each sampl ing rouryMs
contained on Table 7-1 .

Total Samples :

i
Init ial Soil Samples
Dupl icates
Field Blanks

O
O
O

7 . 1 1 . 1 0 Sample Traff ic Control :
SEND ORGANIC SAMPLES ( 1 ) ( 3 )
To be specifed
Case Number:

7.1 1 . 1 1 Health and Safety Guide l ines :

iii
The field investigation team members wil l be required to uti l ize Level D pro- •
tective equipment while collecting air samples with the contingency to upgrade*
Level C as outlined below.
(1) Level 0 respiratory protection shall be used when HNu readings observed

in the ambient atmosphere are 5 ppm or greater.
(2) When HNu readings observed in ambient atmosphere are below 5 ppm abovebackground for a 15 minute time weighted average then downgrade to Level

0 protection with permission of the site safety officer. i
(3) When HNu readings 1n the ambient atmosphere at the breathing zone exceedan sustained 50 ppm reading, the site shall be vacated and the Health

Safety Supervisor and the Site Manager notified* ^
7.1 1 . 12 Field Investigation Team: The sampling team will be composed of the following

individuals and positions: it
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On-Si te CoordinatorHealth and Safety OfficerFie ld Technic iansField Technic ians

7777- 143-WP1 30 of 18
2/ZO/85 Draft

Nancy Johannesmeyer
Robert Kier

To be des ignated

ii
7 . 1 1 . 1 3 Qual i ty Assurance : Tha spec i f i c sampl ing procedures wi l l be subject to the

requirement of the program qual ity assurance p lan . Spec i f i c qual i ty controltasks are descr ibed below: v-
<M(1) Dupl i cate samples from the s ite for every sample co l l ec ted . ,--

7 . 1 1 . 1 4 Spec ia l i n s t ruc t ions : None Ooo

I
II
BII
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TABLE 7-1
AIR SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE

SAMPLING LOCATION" DESCRIPTION
Upwind Day 1
Upwind Day 2
Upwind Day 3
Downwind Day 1
Downwind Day 1
Downwind Day 2
Downwind Day 2
Downwind Day 3
Downwind Day 3
Upwind Day 1 Duplicate
Upwind Day 2 Duplicate
Upwind Day 3 Duplicate
Downwind Day 1 Duplicate
Downwind Day 1 Duplicate
Downwind Day 2 Duplicate
Downwind Day 2 Duplicate
Downwind Day 3 Duplicate
Downwind Day 3 Duplicate

SAMPLE/SITE
MAP REF<.rcENCE DESIGNATION

Same AR-01
AR-02
AR-03
AR-04
AR-04
AR-05
AR-05
AR-06
AR-06
AR-01
AR-02
AR-03
AR-04
AR-04
AR-05
AR-05
AR-06
AR-06

SEQUENCE SMO CONTROL NUMBER
NUMBER ORGANIC INORGANIC

01 -
01 -
01 -
01 - -
02 -
01
02 -
01 -
02 -
02
02 - -
02 -
03 -
04 -
03 -
04 -
03 -

0 CPt) 7 2 2 "

SAMPLING
CONTAINERS/
ANALYSIS REMARKS

(1) ,
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1 )
(1)
(1)
CD
(1)
(1 )
(1)
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7. 12 Monitor ing Hell Instal lat ion

7777-143-WP1 34 of 189
2/20/85 Draft

Nancy Johannesmeyer
Robert Kier

7* 12 . 1 Object ive: To instal l exploration wel ls at the site identified with well
screens at depths approximately 5 feet below depth of contamination.

7 . 12 .2 Sample Type Sample Method and Sample Code:
Sample Type: Monitor ing WellSample Method: Installation
Sample Code: OW ^

7 . 12 .3 Preparatory Act iv i ty: The senior geologist shall contact the well installationsubcontractor pr ior to the in it iat ion of site work to review the scope o-F^work
contained in the contract documents. Any potential conflicts identifiedohall
be brought to the attention of the Project Manager for resolution prior £9
init iation of the field invest igation activity. o

The well instal lat ion subcontractor is:
(To Be Spec if i ed)
The senior geologist shal l locate and stake monitor ing well locat ions pr ior to
the initiation of the drill ing activities. Monitoring wells will be located by
ground survey and placed on the site map.

7 . 12 .4 Fie ld Equipment: To be specif ied by PRP ' s Contractor ,
7 * 12 ,5 Personal Protective Equipment: Level C specified personal protect ive equipmentwill be used during the instal lat ion of the exploration wells. Upgrade ofpersonal protective equipment is to Level B for contingencies.
M2.6 Respons ib i l i t i es : It is the responsibil ity of the senior geologist to ensure

that the monitoring well clusters are installed in the general locations shownon Figure 7-2. It is the responsibility of the senior geologist to ensure that
the subcontractor performs consistent with the contract documents as well asperforming the procedures l isted below.

7 . 12 .7 Procedures: Refer to Method No. 3816013 of Site Investigations Procedures.
See Appendix V.

7.12.8 .'Sample Containers and Preservat ives: Subsurface soil samples will be collected
'during well dril l ing.

( 1 )(2)18
Specified Analysis
VolatllesPriority MetalsCyanideTotal Petroleum
Hydrocarbons

Container Volume Preservative
2 Vials
GlassGlass

40 ML.
1L.
1L.

ft
*f

HNO, pH<2
NaOR

Glass 1L. Cool 4°C
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(5) Acid/Base Neutral
(x)

7777-143-HF1 35 of 18 I
2/20/85 Draft

Nancy Uohannesmeyer
Robert Kier

H
II

Glass «er 1 Ga l . Hexane Rinse . Ba.ed
' C°n ta 1ne r 3nd P-servatives required in the

system:
SCK - SL * AA

South Cavalcade - Subsurface Soils - Station Number

s
CM
h-
O
O
O

iiio -The actual samples will be numbered consecutively, ut i l i z ing a fourth group of fccharacters . The sample numbers wil l be ass igned, just prior to the sampl ing •program, by the analytical coord inator . The general sampl ing coding method is •descr ibed below:
SCK - SL - AAA - SB
SCK - Site Code
SL - Sample CodeAAA - Station Code
BBB - Sequence Number

ii
Total Samples: Initial Soil SamplesDuplicates

Field BlanksTotal
7. 12 . 10 Sample Traffic Control:

To be specified

724
98S

ii

i
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FIGURE 7-2

7777-U3-WP1 36 of

2/20/85 Oraft

Nancy Johannesmeyer
Robert Kier

IIIIIIIIIII

in
CM
r-
ooo

I
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TABLE 7-2
MONITORING WELL INSTALLATION SCHEDULE AND

SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLE/SITE
SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION
Refer to Figure 7-2
Shallow Hell Same SCK-SL-15A

-15A
-15A
•ISA
-16A
-16A

" -16A
-16A

" -17A
-17A
-17A

" - 17A
-18*
-ISA
-ISA
-ISA

SEQUENCE SMO CONTROL NUMBER
NUMBER ORGANIC INORGANIC

01 -
02
03 -
04 - -
01 -
OZ -
03 -
04 -
01 -
02 - -
03 . .
04 -
01 -
oe -

QQ9 0 7 2 6-
o« -

SAMPLING
CONTAINERS/
ANALYSIS REMARKS

d-6)
"
N

M

M

II

H

M

H

N

m

w

M

"
n

n
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TABLE 7-2
MONITORING WELL INSTALLATION SCHEDULE AND

SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLE/SITE
SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION
Refer to Figure 7-2
Shallow Well Same SCK-SL-19A

-19A
- 19A
-19A
-20A
-20A
-20A

* -20A
-21A
-21A

" -21A
-2IA

x -22A
-22A
-22A
-22A

SAMPLING
SEQUENCE SMO CONTROL NUMBER CONTAINERS/
NUMBER ORGANIC INORGANIC ANALYSIS REMARKS

01 - ( 1-6)
02
03
04
01
02
03
04
01
02
03
04
01
02
03
o? 0 0 7 27
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TABLE 7-2
MONITORING WELL INSTALLATION SCHEDULE AND

SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL

SAMPLE/ SITE
SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION

" -23A
-23A
-23A
-23A
-24A

" -24A
-24A
-24A

" -25A
-25A

* -25A
" -25A

Refer to Figure 7-2
Shallow Well Same SCK-SL-26A\

-26A
-26A
-26A

SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)
SAMPLING

SEQUENCE SMO CONTROL NUMBER CONTAINERS/
NUMBER ORGANIC INORGANIC ANALYSIS REMARKS

01
02
03
04
01
02
03 «
04 "
01
02
03
04

01 - (1-6)
02
03
oft n n 7 P-R
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TABLE 7-2
MONITORING WELL INSTALLATION SCHEDULE AND

SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)
SAMPLING

SAMPLING LOCATION DESCRIPTION
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER

MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC
CONTAINERS/
ANALYSIS REMARKS

Refer to Figure 7-2
Shallow Well

m

m

m

Refer to Figure 7-2
Deep Well•

m

•

Refer to Figure 7-2
Deep Welt

*
M

II

SCK-SL-27A
-27A
-27A
-27A

SCK-SL-28A
-28A
-28A
-28A

SCK-SL-29A
-29A
-29A
-29A

01
02
03
04

01
02
03
04

01
02
03 «
04

0 0 0 7 2 9
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TABLE 7-3
MONITORING WELL INSTALLATION SCHEDULE AND

SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING LOCATION DESCRIPTION
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER

MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC

SAMPLING
CONTAINERS/
ANALYSIS REMARKS

Duplicate

Field Blank Day 1
Field Blank Day 2

SCK-SL-30A
-3IA
-32A
-33A
-34A

01
01
01
01
01

0 0 0 7 3 0
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On-S1te Coord inatorHealth and Safety OfficerSen ior Geo log i s tFie ld Techn i c ian

7777- 143-WP1 49 of 189
2/20/85 Draft

Nancy Johannesmeyer
Robert K1er

To be des ignated

7 . 1 4 , 1 3 Qua l i t y As su ran c e : The spec i f i c samp l i ng procedures wi l l be sub ject tovthe
requ irements of the program qual i ty as surance p l a n . Spec i f i c qual i ty cipo£rolt a s k s are descr ibed be low: P^,

(1) Dup l i c a t e for every twenty (20 ) samples col lected for the specifiedmedia . °
o(?) Complete set of f ie ld b lank s for each sampl ing day.

7 . 1 2 . 1 4 Spec ia l I n s t ruc t i on s : None .

ii
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TABLE 7-3
6RWHDWATER SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE

SAMPLING LOCATION-OESCRIPTION MAP REFERENCE
SAMPLE/SITE SEQUENCE
DESIGNATION NUMBER

SAMPLING
SMO CONTROL NUMBER CONTAINERS/
ORGANIC INORGANIC ANALYSIS REMARKS !

Existing Well
Refer to Figure 7-3
Existing Hell

*
•
•
•
*
•
•
«
»
m

m

M

* \

*

Same CAV-QH-01
CAV-OW-01
CAV-OW-02
CAV-OW-Q2
CAY-OW-07
CAV-OW-07
CAV-OW-08
CAV-OW-08
CAV-OW-09
CAV-OW-09
CAV-OW-10
CAV-OU-10
CAV-OW-11
CAV-OH-11
CAV-OW-13
CAV-OW-13

i
i

01 (1-7)
02
01
02
01
02
01
02
01
02
01
02
01
02
01
02

!

1

0 0 0 7 3 2
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TABLE 7-3
GROUNDHATER SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLINGLOCATION DESCRIPTION
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/

—————— ^- —— •" " "" ' —
Existing Hell
Refer to Figure 7-3

New Shallow Hell
M

ft

H

M

•>

»

II

•

M

•

M
* \

N

H

*-iru rM.1 -c .rvc .HUC, UCOIUNrtl IUW

Same CAV-OU-14
CAV-OW-14
SCK-OW-15
SCK-OW-15
SCK-OH-16
SCK-OW-16
SCK-OH-I7
SCK-OW-17
SCK-Ok-18
SCK-OW-18
SCK-OW-19
SCK-OW-19
SCK-OW-20
SCK-OW-20
SCK-OK-21
SCK-OW-21

NUMBER ORGANIC INORGANIC ANALYSIS REMARKS \

01 - (1-7)
02 -
01 -
02 -
01 -
02 -
01 -
02 -
01 « :
02 -
01 "
02 -
m _ «ui |
02 -
01 -
02 - '

0 0 0 7 3 3
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TABLE 7-3
GROUNOWATER SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING LOCATION DESCRIPTION
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER

MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC
CONTAINERS/
ANALYSIS REMARKS

Refer to Figure 7-3
New Shallow Well

"
M

m

M

"

M

M

"

"

N

H

New DeepHHeT1
H

M

"

Duplicate

Same SCK-OW-22
SCK-OW-22
SCK-OW-23
SCK-OW-23
SCK-OW-24
SCK-OW-24
SCK-OW-25
SCK-OW-25
SCK-OW-26
SCK-OW-26
SCK-OW-27
SCK-OW-27
SCK-OW-28
SCK-OW-28
SCK-OW-29
SCK-OW-29
SCK-OW-30

!

01 - - ( 1 -7)
02 «
01
02
01 "
02 - "
01
02
01
02 "
01 •
02 •
01
02 «
01P 2 0 0 ? 3 4
01
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TABLE 7-3
6ROUNDWATER SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

LOCATION DESCRIPTION
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER

KAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC

SAMPLING
CONTAINERS/
ANALYSIS REMARKS

Duplicate
Field Blank Day 1
Field Blank Day 2

Same SCK-OW-31 01
SCK-OW-32 01
SCK-OW-33 01

( 1-7)

0 0 0 7 3 5
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7.15 Subsurface Soil Sampling

7777-143-WPi 54 of 189
2/20/85 Draft

Nancy Johannesmeyer
Robert Kier

7.15. 1 Objective: To determine the vertical extent of contamination in the saturated
zone in th-> area of the site known to have been used for wood treat ingoperations and storage of t imber. Representat ive samples of contaminated soilswil l be sent for the specif ied analysis.

7 . 1 5 . 2 Sample Type, Sample Method, and Sample Code:
Sample Type: Subsurface Soil K^
Sample Method: Composite ^
Sample Code: SL Q

7 . 1 5 . 3 Preparatory Act iv i t i es : Ons i te coordinator shall arrange to have laboratory's
refrigerated truck retrieve samples from site. °

7 . 1 5 . 4 Fie ld Equipment: To be specif ied by PRP .
7 . 1 5 . 5 Personal Protect ion; Level D personal protection wil l be used dur ing this

activity with the contingency to upgrade to Level C as site condit ions mer i t .
7 . 1 5 . 6 Respons ib i l i t i e s : The On-Site coordinator wil l be responsible to inspect al l

sample bottles to assure their adequacy.
7 . 1 5 . 7 Procedures: Refer to Method No. 3816031 of Site Invest igat ions Procedure

Manual .
7 . 15 .8 Sample Containers and Preservat ives :

Specif ied Analys is Container Volume Preservat ive
Cool 4°C(1) Priority Metals 2 Glass Widemouth 16 oz.

(2) Petroleum Hydrocarbon Jars For All Tests(3) Volati le Organics(4) Cyanide
(5) Acid Base Neutrals
(x) Used to specify analysis, containers and preservatives required in the

.-Identified activities*
Prelabeled sampling and shipping containers will be supplied by:
To be specified ;

7.15.9 Sample Control: Each of the sampling locations will be Identified using stake!after the collection of the sample. Each sampling location will be identified
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Nancy Johannesmeyer
Robert Kier

(3) When HNu readings in the ambient atmosphere at the breath ing zone exceed a
sustained 50 ppm reading, the site shall be vacated and the Regiona l Healthand Safety Supervisor and Site Manager notified.

7 . 15 . 12 Field Investigation Team: The sampling team will be composed of the followingindividuals and positions: COOn-site Coordinator To be designated fA
Health and Safety Off icer "Field Technic ians " r-

o
7 . 15 . 1 3 Quality Assurance : The specific sampl ing procedures will be subject to^thc

requirement of the program quality assurance plan. Specific quality corftrol
tasks are described below:
(1) Duplicate samples from the site for every twenty (20) samples collected.

7 . 15 . 14 Special Instructions: Subsurface soil sampling locations wil l be permanently
marked us ing stakes . Photographic evidence of the sampl ing locat ions wil l berequired. All samples wi l l undergo surrogate analysis chosen for lab analys is
Samples should be chosen rang ing from uncontaminated to highly contaminated,more highly contaminated samples will be lab analyzed.
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TABLE 7-4
SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE

SAMPLING

SAMPLE/SITE
SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION^
Area i
Refer to Figure 7-4 Same SL-01
Surrogate Analysis Only "01

-01
-01

ii -02
-02
-02
-02

. -03
„ -03
« -03
. -03

-04
-04*
-04
-04

SEQUENCE SMO CONTROL NUMBER CUNlAiNtKV
NUMBER ORGANIC INORGANIC ANALYSIS REMARKS^———————— ————— —— - ———— ——— " '

01 - - d-6)
M02
«03
H04
M01
M02
M03
H04
H01
M02

03
04
01 -

M02
M03
N04

0 0 0 7 3 9
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TABLE 7-4
SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/

SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS
Area 1
Refer to Figure 7*4
Surrogate Analysts Only Same

m

m

"

Area 2
m

a*

"

"

"
m

m

m

m

m

m

•••HMH^̂ H^̂ ^H^HB^HiM^̂ MM

SL-05
-05
-05
-05
-06
-06
-06
-06
-07
-07
-07
-07
-08
-08
-08
-08

••••••(••••••••••••••^••••••••bBi•••••^•••••••••••••••••••^•••••••J

01
02
03
04
01
C2
03
04
01
02
03
04
01
02
03

0 0 0 °4 7 4 0

d-6)
"
M

M

H

It

M

H

N

H

H

"

M

II

M

M
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TABLE 7-4 —— ~
SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/

SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS
Ares 2
Refer to Figure 7-4
Surrogate Analysis Only Same SL-13

" -13
-13
-13

* -14
-14
-14
-14
-15
-15
-15
-15

" M ~16

-16
-16
-16

01
02
03
04
01
02
03
04
01
02
03
04
01
02
03

0 0)0 7 4 1 -

(1-6)
*

-
«
K

M

m

-

M

-

-

N

_ M

— 9

N

N
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TABLE 7-4
SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Corrt'd)

SAMPLING
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/

SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS
Area S Refer to Figure 7-4
Surrogate Analysis Only Same SL-17

-17
" -17

-17
-18

* -18
-18

* -18
Area 5 -19

-19
-19

* -19
-20
-20

" -20
* -20

01
02
03
04
01
02
03
04
01
02
03
04
01
02
03
04

0 0 0 7 4 2

(1-6)
•

.
M

*

^ It

M

N

H

II

M

-

N

-

-

.
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TABLE 7-4
SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING
SAMPLE/SITE SEQUENCE 5MO CONTROL NUMBER CONTAINERS/

SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS
Area 5
Refer to Figure 7-4
Surrogate Analysis Only Same SL-21

It r> i

-21
-21

" -22
* -22
* -22

-22
-23

" -23
-23
-23

Area 6 Xx -24
-24
-24
-24

mi^mm^mm*ma——m——————— ——————————————— __ ... .^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^HHHHHBBBBBBBBBMHBBBBBBBBBBBBBMBBB

01 (1-6) 1
02 -
03 -
04 B

1
01 - - "
02 - - 1
03 - -
04 "
01 - "
02 "
03 .
04 -
01 «
02 -
03 -

O O p 4 7 / ! 3 _
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TABLE 7-4
SUBSURFACE SOIL SAKPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/

SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS
Area 5 Refer to Figure 7-4
Surrogate Analysis Only Same SL-25

-25
-25
-25

" -26
-26
.26
-26
-27
-27

" -27
-27

* -28
' xx -28

-28
-28

01
02
03
04
01
02
03
04
01
02
03
04
01
02
03
04

(1-6)
-
-

n

N

a

_ M

*

M

H

— N

-
^ H

-

K

If

0 0 0 7 4 4
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TABLE 7-4
SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/

SAMPLING LOCATION DESCRIPTION MAP REFERENCE
Area 6 Refer to Figure 7*4
Surrogate Analysis Only Same «i-?o 01 ( 1 .6)

DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS

Area 7

SL-29
-29
-29
-29
-30
-30
-30
-30
-31
-31
-31
-31
-32
-32
-32
-32

01
02
03
04
01
02
03
04
01
02
03
04
01
02
03
04

-
-
.
-
.
-
-
-
-
-
-
-
-
-
-

0 0 0 7 4 5
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TABLE 7-4
SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING ij
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/ j

SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS'
Area 5 Refer to Figure 7-4
Surrogate Analysis Only Same SL-33

- -33
" -33

-33
-34
-34
-34
-34
-35
-35
-35
-35
-36

" * -36
-36
-36

01 (1-6)
02 "
03 -
04 - -
01 -
02 - "
03 -
04 "
01 - -
02 -
03 -
04 .
01 - -
02 -
03 - -

0 0 ^ 7 4 6 "

1

!

000746



TABLE 7-4 ;
SUBSURFACE SOtL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd) :

i

SAMPLING |
i

SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/ !
SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS
Area 7 Refer to Figure 7-4
Surrogate Analysis Only Same SL-37

" -37
-37
-37
-38
-38
-38
-38
-39

' -39
-39
-39

Area 8 -40
" , i -40

-40

01 . - (1-6) |
02 -
03 - "
04 .
01 -
02 -
03 - "
04 -
01 -
02 -
03 -
04 "
01
02 -
03 -
04

0 0 0 7 4 7
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TABLE 7-4
SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING I
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/ |

SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS
Area 8 Refer to Figure 7-4 Same SL-41

• -41
" -41

-41
Area 9 -42

-42
-42
-42
-43
-43
-43
-43
.44

" -44
• s -44

-44

01 (1-6)
02
03 -

L

04 - "
01 -
02 -
03 - "
04 "
01 -
02 -
03
04 « •
01 -

!

02
03
04 - "

0 0 0 7 4 8
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TABLE 7-4
SUBSURFACE SOIL SAMPLING LOCATIONS Affi ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING
SAMPLE/SITE SEQUENCE SMO COKTROL NUMBER CONTAINERS/

SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS
Area 9 Refer to Ffgure 7-4
Surrogate Analysis Only Same SL-45

-45
-45
-45
-46
-46
-46
-46
-47
-47
.47
-47

Area 10 -48
" ^ -48

-48
-48

01
02
03
04
01
02
03
04
01
02
03
04
01
02
03
04

0 0 0 7 4 9

(1-6)
_ H

N

-
•*»

H

— H

^ H

_ H

H

N

-
N

M

_ »t

H
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TABLE 7-4
SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/

SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS
Area 10 Refer to Ftgure 7*4
Surrogate Analysis Only Same SL-49

" -49
-49

" -49
-50
-50
-50
-50
-51
-51
-51
-51

" -52
< -52

" -52
-52

^ ———————— - —— _

01
02
03
04
01
02
03
04
01
02
03
04
01
02
03
040 0 0 7 5 0

(1-6)
-
-
-
_ M

H

_ H

_ H

M

* *

_ N

— H

_ H

-
_ n

— **
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TABLE 7-4
SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING
awiKi.t/iiit

SAMPLING LOCATION "DESCRIPTION MAP REFERENCE DESIGNATION
Area 10 Refer to Figure 7-4
Surrogate Analysis Only Same SL-53

-53
-53
-53
-53
-54
-54
-54
-55
-55
-55
-55
-56
-56

* ^ -56
-56

itgutntt inu LUNIKUL nunotK luninintto/
NUMBER ORGANIC INORGANIC ANALYSIS REMARKS

01 - - (1-6)
02 -
03 - "
04 "
01 -
02 -
03 -
04 • -
01 "
02 -
03 «
04 -
01 -
02 - "
03 -
04 -

0 0 0 7 5 1
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TABLE 7-4
SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/

SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS
Area 10 Refer to Figure 7-4
Surrogate Analysis Only Same SL-57

" -57
-57
-57
-58
-58
-58

* -58
-59
-59
-59
-59

Area 10 -60
" -60\\

-60
-60

01 (1-6)
02 "
03 -
04 "
01 "
02 -
03 - -
04 -
01 - - «
02 -
03 -
04 «
01
02 •
03 - "
04 -

0 0 0 7 5 2
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TABLE 7-4
SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/

SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS
Area 11 Refer to Figure 7-4
Surrogate Analysis Only Same SL-61

-61
-61
-61
-62

* -62
-62

" -62
-63
-63
-63

* -63
* *-*-64
* ex-64
" * -64

-64

01
02
03
04
01
02
03
04
01
02
03
04
01
02
03
04

(1-6)
— M

H

M

-
M |

M

-
_ M

-

_ M

-
_ *

-
M

H

0 0 0 7 5 3
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TABLE 7-4
SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING i
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/ i

SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS
Area 11 Refer to Figure 7-4
Surrogate Analysts Only Same SL-65

• -65
-65
-65

Area 12 -66
-66

* -66
-66
-67
-67
-67
-67
-68
-68

9 -68
-68

01
02
03
04
01
02
03
04
01
02
03
04
01
02
03
04

i
(1-6)

M

— It

_ *

_ H

M

M

M

M

H

-

-

•|

H

-

.

0 0 0 7 5 4
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TABLE 7-4
SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/

SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS
Surrogate Analysis Only Same SL-69

* -69
-69

" -69
-70
-70
-70
-70
-71
-71
-71
-71
-72
-72

* -72
-72

01 (1-6)
02 - - *
03 - -
04 -
01 -
02
03 - - "
04 - "
01 - "
02 - -
03 - - "
04 "
01 .
02 -
03 - -
04 -

0 0 0 7 5 5
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TABLE 7-4
SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL

SAMPLE/SITE
SAMPLING LOCATIOH DESCRIPTION MAP REFERENCE DESIGNATION
Area 14 Refer to Figure 7-4
Surrogate Analysis Only Same SL-73

* -73
-73
-73
-74
-74
-74
-74
-75
.75
-75
-75
-76

" v , -76
-76
-76 0

••flm^HÎ BMÎ ^B^HHMBmHiMMM^H^̂ ^HB^̂ ^Mî BMMî B^̂ ^̂ ^̂ —

SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)
SAMPLING

SEQUENCE SMO CONTROL NUMBER CONTAINERS/
NUMBER ORGANIC INORGANIC ANALYSIS REKARI

01 (1-6)
02 -
03 -
04 -
01 -
02 -
03 - "
04 -
01 - "
02 - "
03 -
04 •
01 -
02 -
03 -
04 -0 0 7 5 6

"^ ———— - —————— __________ .
000756



TABLE 7-4
SUBSURFACE SOIL SAMPLING LOCATIONS AW) ANALYTICA' SPECIF ICATIONS FOR SOUTH CAVALCADE

SAMPLING LOCATION DESCRIPTION HAP REFERENCE
Area 15 Refer to Ftgure 7-4
Surrogate Analysis Only Same

SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER
DESIGNATION NUMBER ORGANIC INORGANIC

SL-77
-77
-77
-77
-78
-78
-78
-78
-79
-79
-79
-79
-80
-80
-80
-80

01
02
03
04
01
02
03
04
01
02
03
04
01
02
03
04

(Cont'd)
SAMPLING
CONTAINERS/
ANALYSIS

( 1-6)

0 0 0 7 5 7
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TABLE 7-4
SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/

SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS
Area 13 Refer to Figure 7-4
Surrogate Analysis Only Same

•
"
"
*
•
*
•

SL-71
-71
-71
-71
-72
-72
-72
-72

01 (1-6)
02 - -
03 - " .
04 -
01 -
02 -
03 - -
04 - -

0 0 0 7 5 8

000758



TABLE 7-4
SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/

SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS
Area 14 Refer to Figure 7-4
Surrogate Analysis Only Same SL-73

-73
" -73

-73
-74
-74
-74
-74
-75
-75
-75
-75
-76

" * ~76

' ' -76
-76

—————— - ————————— — - —— — ——— . —— — —— _ — . — . ———— .j
i
i

01 - - ( 1-6)
02 -
03 -
04 "
01 - "
02 - -
03 -
04 "
01 - "
02 - «
03 - -
04 «
01 - "
02 -
03 -
04 -

0 0 0 7 5 9
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TABLE 7-4
SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/

SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS
Area 15 Refer to Figure 7-4
Surrogate Analysis Only Same SL-77

-77
" -77

-77
* -78

-78
" -78

-78
-79
-79
-79

9 -79
* -80
" * \ -80
" «80

.80

01 - - (1-6)
02 - -
03 -
04 -
01 "
02 -
03 - -
04 -
01 -
02 -
03 -
04 - -
01 -
0? -
03 -
04 - "

0 0 0 7 6 0
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TABLE 7-4
SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/

SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS
Area 16 Refer to Figure 7-4
Surrogate Analysis Only Same SL-81

-81
" -81

-81
* -82
n -82
* -82
" -82

-83
-83

" -83
" -83

-84
" x x -B*
" -84
" -84

i

01 - - (1-6) !
i

03
04 "
01 -
02 -
03 -
04 -
01
02 -
03 - "
04 - j
01 -
02 - -
03 -
04 - -

i

0 0 0 7 6 1
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TABLE 7-4
SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/

•' * '

SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARK^
Area 16 Refer to Figure 7-4
Surrogate Analysis Only Same SL-85

* -85
-85
-85

* -86
-86
-86
-86
-87
-87

" -87
" -87

-88
" M -88

-88
-88

01
02
03
04
01
02
03
04
01
02
03
04
01
02
03
04

d-6)
_ m

-
M

-
N

H

-

-

_ *

M

M

M

M

H

n

0 0 0 7 6 2
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SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)
SAMPLING

SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/
SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS
Area 16 Refer to Ffgure 7-4
Surrogate Analysis Only Same

•
*
•
*
•
"
"

Location to be selected
for full lab analysis

"
"
M

"

" M

w

H

N

SL-89
-89
-89
-89
-90
-90
-90
-90

-91
-91
-91
-91
-92
-93
-94
-95
-96

01
02
03
04
01
02
03
04

01
02
03
04
01
01
01
010 0 0 7 6 3
01

(1-6)
M

H

__ tt

_ M

It

ft

_ M

_ M

N

_ N

_ H

a

^ M

n

H

H
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SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)
SAMPLING

SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/

SAMPLING LOCATION DESCRIPTION MAP REFERENCE_____DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS

Area to be selected
for fuU analysis Same SL-97 01 (1-6)

-98
-99
-100
-101
-102
-103
-104
-105
-106
-107
-108
-109
-100
-110
-110
-111
-112
-113

01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
^ 0 0 7 6 4
01

H

"
M

"
11

"
N

H
"

II

N

«

M

•

•

N

•

n

n—
M

H
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SUBSURFACE SOIL SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)
SAMPLING

SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/
SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS
Location to be selected
for full analysis Same

•
*
*
w

ft

H

Highly Contaminated
Sample Analysis

H

•

n

m

Duplicate
Duplicate x \
Field Blank

SL-114
-115
-116
-1 17
-118
-119
-120

-121
-122
-123
-124
-125
-126
-127
-128

01 (1-6)
01 -
01 -
01 - -
01 - "
01 - -
01 -

01 -
01 -
01 -
01 -
01 - "
01 *
01 -
01 -

0 0 0 7 6 5

000765
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Project Operations PlanSouth Cavalcade Site

7. SAMPLING PROTOCOL;FIELD INVESTIGATIONS

7777-143-HP1 87 of 11 '
ii/20/85 Draft

Nancy Johannesmeyer |
Robert Kier ,

7, 16 .9 Sample Control: Each of the sampling locations will be Identified us ing the
following system: *

SCK-SW-AA
South Cavalcade - Surface Water - Station Number

The actual samples will be numbered consecutively, uti l iz ing a fourth group of
characters. The
program by the adescribed below:
characters. The sample numbers will be assigned just prior to the sampling
program by the analytical coordinator. The general sampling coding is

SCK-SW-AAA-BBSCK-Site Code
SW-Sample CodeAAA-Statlon CodeBB-Sequence Number

ooo

A comprehensive l i s t ing of the proposed samples col lected for each sampl ing
round is contained on Table 7-5.

Total Samples : Initial Water Samples: 72Dupl icates 4
Field Blanks 2Total 78

7 . 16 . 10 Sample Traffic Control
SEND ORGANIC SAMPLES: ( 1 ) (3)
To be specified

7. 16 . 1 1 Health and Safety Guidelines

SEND INORGANIC SAMPLES: ( 1 ) (2 )
To be sped fed

The field investigation team members will be required to utilize Level D
protective equipment while collecting samples with the contingency to upgradeto Level C if HNu readings go above 5 ppm in the ambient atmosphere.

7.16.12/Fie ld Investigation Team: The sampling team will be composed of the following
'individuals and positions: f

On site coordinatorHealth and Safety OfficerField Technicians
To be designated
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I
Project Operations PlanSouth Cavalcade Site

7. SAMPLING PROTOCOL/
FIELD INVESTIGATIONS

7. 16 Surface Water Sampl ing

7777-143-WP1 86 of 189 I
2/20/85 Draft

Nancy Johannesmeyer
Robert Kier 1

7. 16 . 1 Object ive: To determine the extent of off site migrat ion of contaminants in B
drainage pathways and determine amount of contamination in ponded areas on site ™through sampling suface water.

7 . 1 6 . 2 Sample Type, Sample Method, and Sample Code:
Sample Type: Surface Water
Sample Method: GrabSample Code: SW

CO

r-
o
I

gerated truck retrieve sampli
7 . 1 6 . 4 Fie ld Equipment: To be specified by PRP,

7 . 1 6 . 3 Preparatory Act iv i t i e s : On site coordinator shall arrange to have laboratory's H
refrigerated truck retrieve samples from site. ^ Iii7 . 1 6 . 5 Personal Protect ion: Level D protection wi l l be used dur ing th i s act iv i ty with
the contingency to upgrade to Level C as conditions merit.

7 . 1 6 . 6 Respons i b l i t i e s : The on site coordinator will be respons ib le to col lect and to
11 sample bott les ibepesture their adequacy.

res: Refer tGl8*fho8r8oed3816012 of the REM I! Site Investigations
Procedures . See Appendix V.

7 . 16 .8 Sample Containers and Preservat ives :
Specified Analysis Container

( 1 ) Volatiles VOA Vial(2) Acid Base Neutral Glass Amber
(3) Priority Metals(4) Total Cyanide(5) Total PetroleumHydrocarbons(6) Nitrates

(x) -'Used to specify analysisIndentified activities.
^relabeled sampling and
To be specified

GlassGlass
GlassGlass Amber

Volume Preservat ive
2x- , ml .
1 Gal .
1 L.
1 L.
1 L.1 Gal.

Cool 4°C
Cool 4°C
WHO- to pH<2
NaOf?
Cool 4°C
Cool 4°C

11111
f containers and preservatives required in the

shipping containers will be supplied
,

by: 1111
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Project Operations PlanSouth Cavalcade Site

7. SAMPLING PROTOCOL/
FIELD INVESTIGATIONS

7777-143-HP1 43 of 189
2/20/85 Draft

Nancy Johannesmeyer
Robert Kier

iiii

7. 12 . 1 1 Health and Safety Guide l ines : The senior geologist and the well dr i l l ing
subcontractor will uti l ize Level C personnel protect ive equipment with theoption to upgrade to Level B when HNu or OVA readings in the atmosphere exceed50 ppm. If ambient concentrations are less than 5 ppm for a 15 minute time
weighted average , protection can be downgraded to Level D. A hard hat must be
worn during all dr i l l ing act iv i t i e s . No loose clothing will be al lowed to beworn in the vic in ity of the operat ing dr i l l ing. Steel toe boots should ^e,by personnel within immediate vicinity of the dri l l ing. It is the
respons ib i l i ty of the senior geologist to ensure that these guidel ines ar?adhered to. f*"

O7 . 1 2 . 1 2 Field Invest igat ion Team: The sampl ing team will consist of the following*ind iv iduals and nosit ions:

worn

Senior Geolog is t
Fie ld Geologist
Health and Safety Officer
Fie ld Technic ians

To be designatedTo be des ignatedTo be designated
Well Dr i l l i n g Subcontractor(To Be Spec if ied)

7 . 1 2 . 1 3 Qual i ty Assurance : No specif ic quality assurance/quality control measures wi l l
be implemented for in-f ie ld operat ions subject to this activity. Contractdocuments specifying activity procedures wil l be reviewed by appropriatepersonnel .

ii
i
i
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Project Operations PlanSouth Cavalcade Site

7. SAMPLING PROTOCOL/
FIELD INVESTIGATIONS

7. 13 Fal l ing Head Permeability

7777-143-WP1 44 of 18 I
2/20/85 Draft

Nancy Johannesmeyer
Robert Kier

These tests will be performed by the drilling subcontractor under the guidanceof the On-site Coordinator*
7 . 13 , 1 Objective:

To measure the local horizontal permeabil ity of the geological strata iOtheproximity of selected monitoring wells, ^
7 . 1 3 . 2 Sample Type, Sample Method and Sample Code:

Sample Type: Fa l l i ng Head Permeabil ity Test
Sample Method: -Sample Code: PT

7 . 1 3 . 3 Preparatory Activity: Obtain necessary maps and keys,
7 . 1 3 . 4 Field Equipment: To be spec if ied by PRP ' s Contractor
7 . 1 3 . 5 Personnel Protective Equipment

Level 0 with contingency to upgrade to Level C respiratory protection.
7 . 1 3 . 6 Respons ib i l i t i e s : Are adequately def ined.
7 . 1 3 . 7 Procedure:

r-
O
O
o

ri
II
t
I
I
I
I
I
I
I

The Falling Head in situ permeability procedure consists of either introducing •water into the well riser or extract ing water from the well and measuring the •rate of dissapperance or re-appearance of water. All results and observat ionsshould be recorded on Fall ing Head Data Sheets and the field log notebook.
a. Record monitoring well number in log book and note location on site map.
b. Record time, weather condit ions and ambient air NHu readings prior toopening well head*
'c. Check the well for above ground damage,
d. Remove the well cap using a wrench if needed and vent caps,
e. Measure and record volatile organic level in well casing usfng HNu,
f, Measure And record the depth to waver and the time of measurement.
g. Measure and record the total depth of the well from top of standpipe.

ii
ii
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h. Measure and record the height of standpipe from ground surface (st ick-up) .
i. Upon introduction of water into the well, the water is poured in and an

initial elevation is noted immediately when the pouring ceases.Alternat ively, when water is extracted using the bai ler , the initial
e' levat ion is noted immediately upon removal of the bai ler from the we l l * Ineach case the water level in the well is subsequently noted at the fol lowing
t imes: 0 .25, 0.5, 1 .0 , 2 .0 , 4 .0 , 8.0 16 .0 , and 32 .0 minutes. v-

h-j» Repeat Step i until consistent results are obtained,, ^
k. Replace vent caps, well head cap and lock. O

O
1. Clean tape or water level records with dist i l led water r inse, acetoneOinse

and dist i l led water rinse prior to proceeding to recording next welllocation contaminat ion.
7 . 1 3 . 8 Sample Containers and Preservat ives : No samples wi l l be col lected dur ing this

activity.
7 . 1 3 . 9 Sample Contro l : No samples wi l l be col lected during this act iv ity.
7 , 1 3 * 1 0 Sample Traffic Contro l : No samples will be collected during this activity.
7 . 13 . 1 1 Health and Safety Guide l ines : The field invest igat ion team members will berequired to ut i l ize Level D protective equipment while performing the water

level measurements and contingency to upgrade as outlined below.
(1) When ambient HNu readings observed in the breath ing zone of field personnel

are >5 ppm above background for a 15 minute time weighted average periodLevel C respiratory protection shall be donned.
(2) When instantaneous HNu readings observed within well heads are > 100 but< 1000 ppm Level C respiratory protection shall be donned.
(3) When HNu readins In ambient atmosphere exceed 50 ppm or in well headsexceeds 1000 ppm the site shall be vacated and the Project Health and

Safety Manager notified prior to continuation of work efforts.
7.13.12 Field Investigation Team: The field team will be composed of the followingindividuals and positions:

Senior GeologistHealth and Safety OfficerField Technicians
To be designated

H

Well Dri l l ing Subcontractor
(To Be Specified)
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7 . 1 3 . 1 3 Qual i ty Assurance : .No specif ic quality assurance/qual ity control measures willbe implemented for in-field operations subject to this activity.
7 . 13 . 14 Special Instructions: None. '

7. SAMPLING PROTOCOL/
FIELD INVESTIGATIONS
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7.14 Groundwater Sampling (Shal low and Deep)
7. 14 . 1 Object ive: To collect representative groundwater samples.

Addit ional sampling may be performed based on the results of the initialsampl ing analysis.
7 . 1 4 . 2 Sample Type, Sample Method, and Sample Code:

Sample Type: Observat ion Well
Sample Method: Grab
Sample Code: OW

to
r-
r-
O

7 . 14 . 3 Preparatory Act iv i t i e s : The on-site coordinator shall contact the senioPgeologist to determine that the proper sample locations are identif ied, o
7 . 1 4 0 4 Fie ld Equipment: To be specif ied by PRP.
7 . 1 4 . 5 Persona l Protect ive Equipment: Level C personal protective equipment will be

used dur ing this activity with contingency to upgrade. Specif ic personnelprotective equipment ut i l ized in this activity specified on page 4 of the
Personnel Protection and Safety Evaluation Form.

7 . 1 4 . 6 Respons ib i l i t i e s : It is the responsibi l ity of the senior geologist to
coordinate with the well dri l l ing subcontractor for operation of the pump forwell evacuation purposes. The On-Site Coordinator will be responsible for
Inspection of all sample containers to determine if the containers are adequatefor the specified analysis.

7 . 14 .7 Procedures: Refer to Method NO. 3816013 of Site Investigations Procedures.See Appendix V.
7 . 1 4 . 8 Sample Container and Preservat ives:

Specified Analysis Container Volume Preservat ive
(1)(2)

' • (3)w
(6)
(7)

Volatile Organic Compounds
Acid/Base NeutralPriority MetalsCyanideTotal Petroleum HydrocarbonsPesticides* PCB
Nitrates

VOA Vial
Glass AmberGlassGlassGlassGlass Amber
Glass Amber

2x40ml1 Gal*1 L.1 L.1 L.1 Gal.Baked1 Gal.

Cool 4°c
Cool 4°cHNO. to pH<2
NaOH
Cool 4°cHexane Rinsed,^
Cool 4°c

(x) used to specify analysis, containers and preservatives required in theidentified activities.
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Prelabeled sampling and shipping containers will be supplied: iTo be specified
7 * 14 .9 Sample Control: Each of the sampling locations will be identif ied with a

permanent, easily vis ib le label. The labels will contain the fo l lowing coding
SCK - OW - AA

South Cavalcade - Observat ion Well - Station Number r-

ri
>l
"I
I
I

ofThe actual samples will be numbered consecutively, utilizing a fourth
characters . The sample numbers wi l l be ass igned, just prior to the san^Hng •program, by the analytical coordinator. The general sampling coding metjpd is •
described below:

SCK - OW - AAA - BBB
SCK - Site CodeOW - Sample CodeAAA - Station Code
BBB Sequence Number

A comprehensive l ist ing of the proposed samples collected for each sampl inground is contained on Table 7-3.
Total Samples:
(Initial Round)

Initial Deep Well Samples 6
Initial Shal low Well Samples 44Field Blank 2Dupl icate _3Total ~5T~

7.14. 10 Sample Traffic Control:
SEND VOLATILE ORGANIC AND
INORGANIC SAMPLES (1 ) (2)
To be specified
Case Number:

P7.14*11 Health and Safety Guidelines: The field Investigation team will be required tUutilize Level C protective equipment while collecting monitoring well |groundwater samples with the option to upgrade to Level 8 1f KNU ambient »atmosphere readings exceed 50 ppm. A downgrade to Level D may o£cur if HNU Iambient concentrations fall below 5 ppm for a 15 minute time weighted average.1

7.14.12 Field Investigation Team: The sample team will be composed of the following
Individuals and positions*

iiiiiii
i
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7 . 16 . 1 3 Qual ity Assurance: The specif ic sampl ing procedures will be subject to therequirement of the program quality assurance plan. Spec if i c quality control
tasks are described below:
(1) Dupl i cate samples from the site for every twenty ( 20 ) samples co l lected.
(2) 1 Fie ld blank wil l be collected for each day of sampl ing .

7 . 1 6 . 1 4 Specia l Instruct ions : 90% of total number of samples must be col lected for
complet ion. r*~r-

O
O
O
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TABLE 7-5
SURFACE WATER SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE

SAMPLING LOCATION DESCRIPTION MAP REFERENCE

Refer to Figure 7-5 Same

SAMPLE/SITE SEQUENCE
DESIGNATION NUMBER

SH-01
-01
-01
-01
-01
-01
-01
-01
-02
-02
-02
-02
-02
-02
-02
-02

01
02
03
04
05
06
07
08
01
02
03
04
05
06
07

00 (&

SAMPLING
SMO CONTROL NUMBER CONTAINERS/
ORGANIC INORGANIC ANALYSIS REMARKS,

d-6)

7 8
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TABLE 7-5
SURFACE MATER SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING
SAMPLE/SITE

SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION

R^fer to Figure 7-5 Same SW-03
" -03
" -03
- -03
« -03
* -03
" -03
" -03
" -04
" -04
' -04
" -04
" -04
" -04

-04 C
-04

SEQUENCE SMO CONTROL NUMBER CONTAINERS/
NUMBER ORGANIC INORGANIC ANALYSIS REMARKS

01 - - ( 1-6)
02 -
03 -
04 -
05 -
06 -
07 - "
08
01 - "
02 "
03 - "
04 -
05 - -
06 -

I 0 ft 7 7 9 -
08 -
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TABLE 7-5
SURFACE WATER SAMPLING LOCATIONS AMD ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING LOCATION DESCRIPTION MAP REFERENCE
SAMPLE/SITE SEQUENCE
DESIGNATION NUMBER

SAMPLING
SMO CONTROL NUMBER CONTAINERS/
ORGANIC INORGANIC ANALYSIS REMARKS

Refer to Figure 7-5 Same SW-05
-05

* -05
-05

" -05
" -05
" -05
* -05
" -06

-06
" -06

-06
" ' * -06

-or>
-06
-06

01
02
03
04
05
06
07
08
01
02
03
04
05
06

0 <370 7 8 0 "
08

( 1-6)
_ H

H

II

M

H

H

_ II

M

_ N

* *

-
-; ; ,
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TABLE 7-5
SURFACE WATER SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (ContM)

SAMPLING LOCATION DESCRIPTION HAP REFERENCE

Refer to Figure 7-5 Same

SAMPLE/STTE SEQUENCE
DESIGNATION NUMBEj_

SH-07
-07
-07
-07
-07
-07
-07
-07
-08
-08
-08
-08
-08
-08
-08
-08

01
02
03
0*
05
06
07
08
01
02
03
04
05
06
07

0 0 CM 8 1

SAMPLING
SMO CONTROL NUMBER CONTAINERS/
ORGANIC INORGANIC ANALYSIS REMARKS

(1-6)
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TABLE 7-5
SURFACE HATER SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING LOCATION DESCRIPTION HAP REFERENCE

Refer to Figure 7-5

Duplicate

Field Blank
Field Blank

Same

SAMPLE/SITE SEQUENCE
DESIGNATION NUMBER

SH-09
-09
-09
-09
-09
-09
-09
-09

SW-10
-11
-12
-13
-14
-15

01
02
03
04
05
06
07
08
01
01
01
01
01
01

0 0 0 7 8 2

SAMPLING
SMO CONTROL NUMBER CONTAINERS/
ORGANIC INORGANIC ANALYSIS REMARKS

(1-6)
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7. 17 Sediment Sampl ing
7 . 17 . 1 Object ive : To determine the extent of off site migration of contaminants indra inage pathways through sediment sampling.
7 . 1 7 . 2 Sample Type, Sample Method and Sample Code:

Sample Type: Sediment
Sample Method: Grab
Sample Code: SO CO

r-
7 . 1 7 . 3 Preparatory Act iv i t i e s : On site coordinator shall arrange to have labora&ry's

refrigerated truck retrieve samples from the site. O
O7 . 1 7 . 4 Fie ld Equipment: To be specified by PRP.

7 . 1 / . 5 Personal Protection: Level D protection wil l be used during this act ivity with
the contingency to upgrade to Level C as condit ions merit .

7 . 1 7 . 6 Respons ib i l i t i e s : The on site coord inator wil l be respons ib le to col lect and
to inspect all sample bottles to assure their adequacy.

7 . 17 .7 Procedures: Refer to Method No. 3816011 of the REM II Site Inves t iga t ions
Procedures * See Appendix V.

7 0 1 7 . 8 Sample Containers and Preservat ives:
Analysis Container Volume Preservat ive

2 Glass WidemouthJars for all tests 16 02. 4°C cool

(x)

( 1 ) Volati le Organics
(2) Priority Metals(3) Cyanide(4) Total Petroleum

Hydrocarbons(5) Acid Base Neutrals
> :Used to specify analysis, containers and preservatives required in the
identified activities.
Prelabeled sampling and shipping containers will be supplied by:
To be specified
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7.17,9 Sample Contro l ; Each of the sampling locations will be Identif ied us ing thefollowing system: — M
SCK-SO-AA -South Cavalcade - Sediment - Station Number

The actua l samples wil l be numbered consecutively, ut i l iz ing a fourth group ofcharac ter s . The sample numbers wil l be ass igned just prior to the sampf&g
program by the analytical coordinator. The general sampl ing coding is COdescribed below:

SCK-SD-AAA-BB
SCK-Site Code
SD-Sample Code
AAA-Stat ion CodeBB-Sequence Number

O
O
O

A comprehensive listing of the proposed samples collected for each sampling
round is contained on Table 7-6,

Total Samples : Initial Water Samples: 30Duplicates 1Field Blanks 2
Total 33"

7 . 1 7 . 1 0 Sample Traffic Control
SEND ORGANIC SAMPLES: ( 1 ) (3 ) SEND INORGANIC SAMPLES: ( 1 } ( 2 )
To be specified To be specified

7. 17 . 1 1 Health and Safety Guidelines
The field invest igat ion team members will be required to uti l ize Level D
protective equipment while col lect ing samples with the contingency to upgrade
to Level C if HNu readings go above 5 ppm in the ambient atmosphere.

7.17412.'Field Investigation Team: The sampling team will be composed of the following
individuals and positions: I

I
I
I
I
I
I
I
I
I
I

On site coordinatorHealth and Safety OfficerField Technicians
To be designated

M *-

I
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7 . 17 . 1 3 Qual ity Assurance: The specific procedures will be subject to the requirement
of the program quality assurance plan. Specif ic quality control tasks aredescribed below;
(1) Dupl i cate samples from the site for every twenty (20} samples co l lected .

7 . 1 7 . 1 4 Spec ia l Instruct ions : 90% of total number of samples must be taken forcomplet ion. " *
00

ooo
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TABU 7-6
SEDIMENT SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE

SAMPLE/SITE
SAMPMNG LOCATION DESCRIPTION MAP REFERENCE DESIGNATION

Refer to Figure 7-6 Same SD-01
" -01

-02
" -02
" -03
* -03

-04
" -04

-05
* -05
* -06
" -06
" * ' -07

-07
-08 o-08

SAMPLING
SEQUENCE SMO CONTROL NUMBER CONTAINERS/
NUMBER ORGANIC INORGANIC ANALYSIS REMARKS

01 - - (1-5)
02 - -
01 -
02 - -
01
02 -
01 - -
02 -
01
02 *
01 - ' "
02
01 -
02 - -

0°6 7 8 6
02 - -

000786



TABLE 7-6
SEDIMENT SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING
SAMPLE/SITE SEQUENCE SMO CONTROL NUMBER CONTAINERS/

SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS
Refer to Figure 7-6 Same

"
m

m

N

•

•

«

M

It

M'

a

m

Duplicate
Duplicate

SO -09
-09
-10
-10
-11
-11
-12
-12
-13
-13
-14
-14
-15
-15
-16
-17

01 (1-5)
02 -
01
02 -
01 -
02
01 - -
02 -
01
02 - -
01 - -
02
01 - - «
02 - "
01
01 -

0 0 0 7 8 7
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TABLE 7-6
SEDIMENT SAMPLING LOCATIONS AND ANALYTICAL SPECIFICATIONS FOR SOUTH CAVALCADE (Cont'd)

SAMPLING
SAMPLE/SITE SEQUENCE SKO CONTROL NUMBER CONTAINERS/

SAMPLING LOCATION DESCRIPTION MAP REFERENCE DESIGNATION NUMBER ORGANIC INORGANIC ANALYSIS REMARKS

Field Blank
Field Blank

Same SD-18
SD-19

01
01

(1-5)
(1-5)

0 0 0 7 8 8
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Standard Operating Procedures (SOPs) clearly define the relevant procedures for samplelocation identification, sample handling, and sampling containers. They are:
Sample Handling and Shipping 3817001Sample Identif ication 3817003Sample Container Labeling 3817004
Chain-of-Custody 3817005Sample Bottle Preparation Procedure 3817007

8.1 SAMPLE HANDLING AND SHIPPING (3817001)
The protection of personnel Involved in the shipment of samples to contract labofilo-
ries is important as well as the maintenance of the integrity of the samplesse lves . When sent by common carrier, the packaging, label l ing and shipping ofous wastes and substances Is regulated by the U.S. Department of Vansportation
under CFR 49. o

Samples obtained at uncontrolled hazardous waste sites are classified as eitherenvironmental samples or hazardous samples. Environmental samples are those which
contain low levels of contaminants and require implementation of limited precautionaryprocedures . Hazardous samples are those which could possibly contain dangerous levelsof contaminants * Hazardous samples must be packaged and labelled according toprocedures specified by the U.S . DOT, or the state DOT, whichever is more stringent.
Environmental samples are collected 1n an appropriate container allowing approximately
10% air space so that the container U not full at 130 eF. If a headspace is notdesired for a particular analysis (i.e. volatile organic analyses), the containershould be placed Inside another container to provide the desired headspace. The sealedand labelled container 1s then placed inside a ziplock polyethylene bag which is alsosealed. The sealed package is then placed inside a shipping container, packed so as toprevent breakage. No precautionary notices are required on the package exterior.Samples not designated as environmental samples or which arc known to contain hazardousmaterials must be considered hazardous* DOT has established a system of priorities fortransportation categories which depends on the degree of hazardousness of the material.
The relevant portion of this listing 1s shown In Table 1.

TABLE 1, DOT HftZ.ARDQ.US MATERIALS CLASSIFICATION
1. Radioactive Material2. Poison 'A 1

3. Flammable Gas4. Non-flammable Gas5. Flammable Liquid6. Ox1d1zer7. Flammable Solid8. Corrosive Material (liquid)9. Poison B10. Corrosive Material (solid)

000790



Project Operations PlanSouth Cavalcade Site
8. SAMPLING CUSTODY

7777-U3-WP1
2/20/85

103 of J°
Draft

II
Nancy Johannesmyer .-I
Robert Kier

AH sites are surveyed tor levels of radiat ion dur ing the Initial reconnaisance v i s i t , !If radiation above 10 mil 11 reins/ hour 1s recorded, the advice of a rad iat ion health- _ . . healthphysic ist must be obtained and further work discont inued until It Is determined thesite 1s safe. •i
Poison 'A 1 1s the next category on the DOT 1 1 s t . If the sample 1s suspected or deter-mined to fall within the Poison 'A* c lass i f i cat ion , pack ing procedures spec i f i ed by DCshould be fo l lowed.
The next two c la s s i f i ca t ion in the DOT ser ies are "f lammable" or "non-f lammable^asesTew If any gas samples are expected to be col lected at uncontrol led hazardoussites, therefore, e l iminates these from cons iderat ions .
The next category to be considered Is "flarmable l iquids". Hazardous samplesform, unless known to fall into a lower category, wil l be handled, packaged , ancPshipped at this level of concern. O
The fol lowing procedure appl ies to the hand l ing of flammable l iquid and so l id samp l e s :
8. 1 . 1 Pac kag i n g

iiSamples are collected in glass containers with non-metal l i c , teflon-l ined screw cap s ,Suff ic ient ul lage ( 10% by volume) is a l lowed . If an air space 1n the inner mostcontainer cannot be tolerated 1n order to ma in ta i n sample integrity, the sample sha l l ttbe placed within a second container to provide the required air space. •
In collecting a sol id mater ia l , the container plus contents shall not exceed 1 pound *net weight. Large quantit ies of material , up to one gal lon, may be collected if the •flash point of the sample can be determined to be 73°F or higher. If this is the case,this information should be marked on the outside container but only a single bottle () _gallon or less) may be packed 1n an outside container with 10% air space, The shippir •papers are required to state that the "flash point" Is 73°F or higher. •
Seal the sample container and place each 1n a separate 2-ml thick (or larger) ziplock mpolyethylene bag. Each sealed bag shall be placed Inside an appropriate s ized metal |can or other DOT approved container with enough noncombustible, absorbent, cush ion ingmaterial (e *g . bentonite, vermlculite or diatomaceous earth) to prevent breakage and —provide for absorption of l iquid; one bag per can. Pressure close the can and use Bclips, tape or other posit ive means to hold the lid securely and effectively. '•.
The metal cans or other DOT-approved container shall be placed in a strong outside Fj|
container and surrounded with noncombustible, absorbing packaging material for *§[stability during transport.

f I ̂ B
6. 1 .2 Marking and
The following Information shall be placed on each metal can or other DOT-approvedcontainer, or l-ga*llon bottle:
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Laboratory Name and Address
"Flarmable Liqiud, n.o.s. UN1992" orFlammable Solid, n .o . s . UN132S""n.o.s ," (not otherwise specif ied) 1s not used1f the flammable liquid or solid is identified

"LABORATORY SUPPL IES" and "THIS SIDE UP" or "THIS END UP" should also be marked on thetop *nd/or fronts ide of the outs ide conta iner and upward po int ing arrows should beplaced on all 4 sides of the exterior container.
CM8 . 1 . 3 Sh i pp i n g Papers ^

The bi l l of lad ing suppl ied by the carr ier should be completed and the cer t i f i ca t ionstatement s igned with the fo l lowing information in the order l isted: °O
"Flairmable Liqu id , n .o . s . UN1993" or "Flammable Sol id, n .o . s . UN 1325 , " o
"Cargo Air c ra f t Only" . "Limited Quantity" or "Ltd. Qty","Laboratory Samples" , "Net Weight __"_or " Net Volume " of
hazardous contents, by item, if mo're than one metal can is inside ofexter ior conta iners

The net weight or net volume must be placed just before or just after the "FlammableLiquid, n .o . s . " or "Fla irmable Sol id, n.o.s ." descr ipt ion .
A complete chain-of-custody record, enclosed 1n an envelope 1s included in the sampleconta iner .
8 . 1 . 4 Transportation
All samples should be shipped by Federal Express . "Cargo Only" aircraft may be used,but hazardous samples shall not be transported by any carrier which also carr iespassengers.
Hazardous or environmental samples may be transported personnel in pr ivate vehic les .
8«2 JAMP.LE,JDEJJTIf..!CAT 1 ON (3817003)
A coding system 1s used to identify each sample taken during the sampling program,This coding system will provide a tracking procedure to allow retrieval of informationconcerning a particular sample end assure that each sample 1s uniquely identified.
A listing of the projects and sample identification numbers 1s to be maintained under
the direction of the Sampling and Analytical Coordinator*
Each sample identification number is composed of three components whicfrfare describedas follows:
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Project Information - A three letter designation is used to identify the site where tl :
sample is being col lected. The designation will depend on the site name. •I
Sample Type and Station Location - A two letter designation is used to identify the*
specific type of sample being taken followed by three digits which indicate the static<|location. The sample types which will be collected during the remedial site minvest igat ions are:

PT - Pump Test
SW - Surface Water
GW - Ground Water
SL - Soil samples
SD - Sediment samplesLG - Lagoon samples
TS - Tank samples
DM - Drum samples
AG - Gaseous air samplesAP - Part icu late air samples
AO - Organic air samplesAM - Trace Metal samples
RS - Rock samples

O
O
O

iii
Sample number - A three number des ignat ion is used to number samples accord ing to
sample type. The samples are numbered consecutively within the sample type and are nrelated to the date of col lect ion. The sequence of sample numbers wi l l be obtainedfrom the Sampling and Analytical Coordinator.
As an example, a sample code fol lows:

SCK-GW-001-005
(South Cavalcade - Groundwater sample collected from Well #1 - 5th groundwater samplecollected at the SCK site)
8-3 SAHPLJLCONTAtNER LABELING (3817004)
All samples must be identified with a self-adhesive Chain-of-Custody label which shall]be attached directly to the container. Sample labels must be completed with a water-
proof pen. The information recorded on the sample label includes the fol lowing: *

- Sample Container Prepared by - Initials of lab personnel
- Program Identification Number
- Program - Three letter designation ^
- Date - Six digit number Indicating month, day, year of collection
- Time - Four digit indicating military time

iii
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- Stat ion - Sampl ing station number
- Temperature ( °F ) - Approximate
- Sample Type - Surfacewater, groundwater, etc.
- Sampled by - Signature of person who collected sample
- Reference - Procedure number of the sampl ing protocol fol lowed
- Special In s t ruc t ions/Caut ions - Spl it samples are label led with ident ica l ^

information and "spl it" is noted in the spec ia l ins truct ions/caut ions box .ODupl icates are g iven entirely separate ident i f i cat ion numbers and are not ^ident if ied on the sample label . O
O
O

- Preservat ive - If a preservat ive is added to the sample container it is
noted.

- Parameter to be Analyzed - Spec i f i c parameters or general groups of
parameters .

- Laboratory Number - Sample ident i f i cat ion number used by the laboratory analyz ing
the sample.

As each sample is col lected, a record is made in the fie ld notebook and the sample is
placed in a numbered container.
8.4 CHA1N-OF-CUSTODY (3817005)
These procedures provide documentation of the handl ing of each sample from the time it
is collected until 1t is destroyed.
To maintain a record of sample col lect ion, transfer between personnel, shipment, andreceipt by the laboratory, a "Chain-of-Custody Record" is fi l led out for each sample
type at each sampling location. Each time the samples are transferred to anothercustodian, signatures of the person rel inquishing the sample and receiving the sample,
as well as the time and date, should document the transfer.
A sample Chain-of-Custody R€"ord 1s shown 1n Figure 8-1. An example of a
chain-of-custody sample label is presented on Exhibit 8-1.
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FIGURE 8-2. CHAIN-OF-CUSTODY SAMPLE LABEL
Sample Container Prepared By _______________________________
Program Identif icat ion No. ______________________________________ _
Program ___________
Date Time

PRESERVATIVE:
PARAMETERS TO BE ANALYZED:

Station
Temp ( °F )
Sample By
Reference
SPECIAL INSTRUCTION/CAUTIONS LABORATORY NO.

on.

O
O
-O-

Actual field forms will include copies so that four forms are filled out simultaneous*
ly. The sampling team leader retains the original and any extra copies and one copy
remains with the samples until they are received by the laboratory. If samples aresplit to different labs, a copy wil l go to each lab. Care must be taken that all fourcopies are legible. If additional dupl icate sheets are required, the person rel in-quishing the samples is responsible for filling out additional copies, or makingreproductions. The original must be returned by the Sampling Team to the Sample
Traffic Control Center*
The Chain-of-Custody Record will be placed in a iiplock bag and placed ins ide of all
shipping and transport containers. All samples will be shipped by Federal Express to
the laboratory specified by the Sampling and Analytical Coordinator. Samples should be
packed so that no breakage will occur. The shipping or external container should besealed with evidence tape and initialed so that any sign of tampering 1s easily
visible.
8.^.1 Field Notebooks
Field notebooks provide means for recording all data collecting activities performed ata site.. As such, entries should be as descriptive and detailed as possible, so that aparticular situation could be reconstructed without reliance on the collector's memory.
Field notebooks shall be bound, 8-1/2 x 11 Inch books with consecutively numberedpages. Notebooks shall be permanently assigned to field personnel, but^are to beStored 1n the Document Control Center (DCC) when not in use* Each notebook isIdentified by the DCC number which Indicates:
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I
ZOX - FN - XXXX - XX

(Projected Number - Field Notebook - Owner Identification - Sequence Number)
The cover of each notebook contains the fol lowing information:

o Person or Organ izat ion to whom the book is assigned
o Book Number
o Project Name
o Start Date ~
o End Date o

Entries into the logbook may contain a variety of information. At the beginnin^of
each entry the fol lowing information is recorded; the date start time, weather.call
f ie ld personnel present, level of personal protect ion being used on-s ite t and thes i g naK. e of the person mak i ng the entry should be noted.
All measurements made and samples collected are recorded. All entr ies should be madein pen. No erasures are permitted. If an incorrect entry is made, the data wi l l be
crossed out with a single str ike mark and init ial led. Entries should be organized int
easily understandable tables if poss ib le . A sample format is shown in Form 1.
At each station where a sample is collected or a measurement made, a detailed
description of the location of the stations which includes compass and rangefindermeasurements, are recorded. The fi lm roll number and number of photographs taken at
the station are also noted.
All equipment used to make measurements is Identified, Including the date on which tlequipment was calibrated*

n>
5i

I
Iai
Iiii

Samples are to be collected following the procedures describes 1n this generic
protocol. The equipment used to collect samples should be noted, along with the timeof sampling, sample descript ion, depth at which the sample was collected, volume andnumber of containers. In addit ion, the identif ication of the container number into
which the sample is placed in the field is recorded. Sample numbers are assigned pric^to going on-slte. Duplicates, which receive an entirely separate sample number, are •noted under sample description. Significant field notebook entries (samples collected™significant observations) must be countersigned by another member of the project team—
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FORM 1
TYPICAL FIELD NOTEBOOK ENTRY FORMAT

DATE:

FIELD PERSONNEL:

LEVEL OF PERSONAL PROTECTION: o

EQUIPMENT (NAME/CONTROL N0. ) = "Calibration "Date:
Station No./Location Description:

Fi lm Roll Number:
Station No.

Photograph Numbers
(Parameter (Units )

Sampling Equipment:

SampleNo. Time Descr ipt ion Depth Number Volume Chest No Comments
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9.1 GENERAL
9. 1 . 1 Equipment
Each piece of equipment used in activities affecting quality is cal ibrated and
maintained periodical ly to assure accuracy within specif ied l imits.
Spec if icat ions for each piece of equipment are avai lab le to all personnel and include

nn
1. equipment identif ication2. control number3. ca l ibrat ion and/or maintenance schedule
4. equipment spec if icat ion
5. specification verification (where applicable)

00
ON
r-
O

All equipment used in analyses or sampling have a documented maintenance and/or O
cal ibrat ion procedure. These procedures are avai lable to all personnel and incldBle:

1. equipment ident if icat ion
2. control number3. ca l ibrat ion and/or maintenance schedule
4. equipment necessary to accompl ish cal ibrat ion (when app l i cab le )
5. procedure for cal ibrat ion and/or maintenance

Individual analysts are ass igned equipment for which they are respons ib le . Instrument
requiring cal ibration and/or maintenance have a st icker affixed which conta ins thefol lowing information:

1. Date of calibration and/or maintenance
2. Next due date for cal ibration and/or maintenance3. Initials of personnel performing calibration and/or maintenance

iiiiiiiAn equipment log sheet, as well as cal ibration worksheets (where appl icable) is kept
for each piece of equipment whose use affects quality. Equipment log sheets are bounr*
Into equipment log books and contain: •

K Date of cal ibration and/or maintenance
2. All data pertaining to the calibration and/or maintenance procedure (not.-.contained In specific equipment worksheets)
3* Next due date of calibration and/or maintenance
4. Initials of agent performing the calibration and/or maintenance^
5. Adjustments made and the accuracy of the equipment prior to and followingcalibration (where applicable)

i
'I1
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6. Record of equipment failure or inability to meet specif ications (whereapplicable)
If the calibration schedule 1s not adequately maintained or accuracy as reported in the
spec if icat ions cannot be attained, that Instrument is labeled "HOLD" and is unavai labUfor use until the specifications are attained.
9.2 F IELD INSTRUMENTATION
Cal ibra t i on procedures and frequency of ca l ibrat ion for field equipment is an integral
component of each instrument ' s Standard Operat i ng Procedure ( SOP ) . For theCava l cade Site Sampl ing and Analytical P lan the relevant SOPs are:

SOP.Reference
3816008

r-ooo
Instrument

H-Nu Photoanalyzer
Portable Organic Vapor Analyzer
General equipment handling and calibration procedures are detailed in SOP 3817013contained in the same document.
9.3 LABORATORY EQUIPMENT
A general, categorical descr ipt ion of Laboratory cal ibration procedures and frequencyfol lows.
9 .3 . 1 Wet Chemistry
9.3, 1 , 1 Cal ibrat ion Curves
For most colormetric analyses, a cal ibrat ion curve consist ing of 7 points covering therange of concentrations (including a blank) 1s established. The calibration curve isverified with each batch of analyses at the 20%, low standard (LS) and the 60%, highstandard (HS) of the full scale and a blank. If the verification standards are not
within 15% of the LS value and 10% of the high standard value, the analyst may notproceed with the analysis.
9,3.1«2 Static Standards and Blanks
At a minimum, one static blank and one static standard (50% of full scale) are required
with each batch of ten or less samples * In sample lots greater than 10, every 10th
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sample shall be a static standard or blank. The 50% of full scale standard is used as!the method control where appropriate. Results of static standard analyses, percent *recovery, date and init ials of the analyst are recorded 1n the Static Standard LogSheet. At the completion of each 15 static standard analyses, the mean percent •recovery and standard deviat ion of the percent recovery is calculated.
The standard deviation of the percent recovery (Sp) may be calculated us ing the
fo l lowing formula where Pi » each percent recovery and N » number of observat ions ( 15 )

Sp = —

N p.* .1 = 1 1 N 2

N

oo
COoo

iiii
Iiiii

Chemical control charts are used to keep a running inventory of the method contr'S «re lat ive percent recovery (error) versus the date. It is the responsib i l i ty of the •
analyst to keep the chemical control charts up to date. Control charts are kept * alona*with other quality control log sheets , in a looseleaf binder, organized by parameter
An inter im 10% control l imit wi l l be used unti l suffic ient control data is processed to
calculate statist ical ly s ign if i cant standard deviat ions to be used as control l imits (Sp) and act ion limits (3 Sp) .
9 . 3 . 1 . 3 Dupl icate Analyses
Every tenth sample processed is run in dupl icate . Results of dupl icate analyses are
reported both in method or personal worksheets , and on the Dupl icate Qual i ty ControlLog Sheet. For each duplicate set, the date, analysts initials, results of eachanalysis, mean and range are reported.
9 .3 . 1 .4 Spiked Samples

iiiiiEvery twentieth sample run Is a spiked sample. Results of the spiked sample analyses
percent recovery, date and init ials of analyst are recorded 1n the Spiked SampledQuality Control Log Sheet. At the completion of every 15 analyses, a mean percentrecovery and standard deviat ion of percent recovery (See Section B . 1 .2 ) are calculated.*
9 *3 . 1 .5 ' Performance Standards
Blind Performance Standards 9 supplied by the Environmental Protection Agency, areanalyzed (unbeknownst to the analyst) once every fifty analyses* at a minimum of once tper year* or as specified in a project scope of work. Standards are submitted by the Ilaboratory supervisor, as specified by the Quality Assurance Coordinator. A record ofthe accuracy of these analyses is kept by the Quality Assurance Coordinator in the

•
Ji
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Performance Standard log book. A report on these results will be submitted annual ly tothe laboratory supervisor and corporate QA manager .
9.4 Gas Chromatography
9-4 . 1 Standards
Stock Preparat ion . Some stock standard solut ions are commercial ly prepared.
Otherwise, stock standard solutions are prepared 1n a methylalcohol . 9.8 ml ofjnethyl
alcohol is placed Into a 10 ml ground glass stoppered Volumetric Flask , The ffask isallowed to stand unstoppered until all alcohol -wetted surfaces have dried and tP&n itis weighted to the nearest 0.1 mg. Using a 25 ul syringe (Hamilton 702 N or e<£3va-lent) 2 drops of the assayed reference mater ia l are added directly to the alcohs? andthe flask is immediately reweighed. The solut ion is mixed by inver t i ng the fl4s* seve-
ral t imes. Stock standards are staved at 40°C and are good for a period of one month.
9 .4 *2
Using stock standards, secondary dilution standards are prepared in a suitable solvent.
Calibration Standards are then prepared from these secondary dilution standards. Anyaqueous ca l ibrat ion standard must be prepared fresh daily.
9.4 .3 Quality Control
Before the processing of any samples, an instrument blank is run to check theanalytical system for Interferences. Calibration standards are then run to verify theperformance of the system, and thereafter throughout the period of operation.
A daily record is kept of the recoveries of all standards* Upper and lower concentra-tions are used to verify that the system 1s within the stated control l imits, , Thesystem is in control if the recoveries are within +2Q% of the average % recovery statedfor individual compounds in each analytical method* The results for duplicate runs arealso recorded. This is a further check on the performance of the system and is also acheck on the sampling technique when separate sample bottles are used for the duplicateruns*
US EPA Performance Evaluation Standards {WS series) are analyzed twice annually. f cWP"series are analyzed once a year.

\9»5 Gas Chrpmatography/Hass . Spectrometry
The preparation of standards and routine quality control procedures for GasChromatography/Mass spectrometry (gc/ms) are Identical to those procedures listed inSection B»3.
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9.6 Ca l i b ra t i on Mater i a l s
9.6 . 1 Water n

i

^Reagent water, used for al l r ins ing , sample d i lut ions and standard preparat iIs obtained from the Nanopure system.
The water produced by this system conforms to ASTM requirements for Type 1 twater . In the Nanopure system, dist i l led water 1s passed through twode ion i za t i on co lumns, and one organic removal column, fol lowed by f i l trat ionthrough a 0.2 urn fi l ter* ^

OThe quality of water produced by the Nanopure system is monitored according tthe equipment maintenance and cal ibrat ion procedures and recorded in theEquipment log book. O
O9 .6 . 2 Chemicals O

The purity of chemica l reagent s , so lvent s , and gases var ies with the type o't |
ana lys i s . For most inorgan i c ana lyses , analyt ical reagent grade (AR ) issatisfactory. All reagents , so lvents t and gases conform to AR spec i f i ca t i o r ma min imum of purity. All primary and secondary standards mater ia l s are eitl IN . B . S * standards or treatable directly to N .B .S . s tandards . ™
a) Primary standards and reagents are used for standar iz ing all vo lumetr i c ft

so lut ions . |
b) Commercial ly prepared reagents and standards are periodically spot check* i»for accuracy. w
Metal analyses require spectroqualUy reagents and solvents.
a) Ana1yt1ca1-reagent-grade nitric and hydrochloric add Is not suitable formetal analys is * These acids must be purchased with ultra-high purityspecif icat ions or the AR acids must be specially prepared by dist i l lat io iboreosllicate glass and diluted with delonlzed dist i l led water.
b) Fuel and oxidant gases used for atomic absorption or emiss ion spectroscoi *-can be commercial grade. Laboratory air supplies are able to maintain I.'• adequate pressure, are oil and water free, and are void of metal •' contamination from the air lines.
Analytical-reagent-grade Nitrous oxide 1s used for a number of metaldetermination* t

i
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CALIBRATION PROCEDURES FLOW CHART

. ANALYS I S . REQUESTED "

TECHN IQUE/ INSTRUMENT SELECTED

sAMTtrs supfnw

INSTRUMENT PERFORMANCE CHECKTALTBWTCN" CURVE

R O U T I N E "ANALYSIS SP IKES , DUPL ICATE 'S , BLANKS . SAMPLES'

"CHECK EXTERNAirQT

O
CO
O
O
O

NO ACCEPTABLE

YES
| RESULTS SUBMITTED. FOR
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MINIMUM REQUIRED CALIBRATION PROCEDURES AND FREQUENCY I m |

Analytical Cal ibrat ionCategory Technique Check (Type)
y et Grav imetr i c Balances checked
Chemistry with class 'S 1

weights

Tritr imetr ic Standar izet itrants/solu-
t ions

Pctentio- M i n . 2 pointmetric ca l ibrat ion
curve

Colorimetric 7 point cal i-bration curve

Curve check

" •

Quality
ControlSamples

Frequency (Type)
Monthly Al

A4 ,5
C3A
El
E2

As neces- Al
sary

A4 .5
B2
C l , 2 , 3
El
E2

Each Al
batch

B2*
C3A
El
E2

Each time Al ,2,3
new rea-
qents made A4,5B2A

Each batch B2B
C3A
C3B
01
D2
El£2

• 1• 1•1Frequency •
With each batch and I
As required •
Every 10th sample • 1
Mi n . Twice SF^Year • 1
As requiredO 1

CO m 1With each b^ch e M
every 10th sample "
As requiredWith each bS$ch M
With each t itrat iujf
Min . twice a year ^
As required ^
With each batch anP
every 10th sample
As required flWith each batch B
Every 10th sampleMin . twice a year *
As required £
With each batch a levery 10th sample •
As required ™2 with each batch
and every 10th sa tt
3 with each curvecheck uEvery 10th sample VAs required *Every 20th samplej"As required IBMin. twice a year •As required |iii
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MINIMUM REQUIRED CALIBRATION PROCEDURES AND FREQUENCY (Continued)

Analytical
Category Technique

Cal ibrat ion
Check (Type) Frequency

Quality
ControlSamples
(Type)

Spectros- Atomiccopy Absorption 5 point ca l ibra-
tion curve

Each Ana-
lysis

Infared 5 point ca l i b ra-
tion curve

Each ana-lysisI

II

A l t 2 ,3
A4.5
B2A,B
Cl ,2 » -
3.A
C1 .2 , -
3,6
Dl

D2El
E2
A3
B2A.BC1 .2 , -
3,A
C1 .2 , -3.B
D l ,2E l , £2

Each batch and
every 10th sample
As required
Each analysi^
Every tenth SJStople

OAs required o
As required forstandard addit ion
and/or flameless AA
As requiredMin . twice a year
As required
Each batch and
every 10th sample
Each analysisEvery 10th sample

As required
As requiredAs required

II
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B. STANDARDS

C. DUPLICATES

D. SP IKES

E. EXTERNAL AUDITS
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I*

LEGEND: QUALITY CONTROL SAMPLE. TYPES.
1 . D i s t i l l e d/Dion i z ed Water
2. Reagent - Static
3. Reagent - Dynamic4. Trip
5. Fie ld
1. Internal
2. External
3. Surrogate

A. KNOWN
1A. Blank2A. Standard
3A. Sample
1. Known
2. Bl i nd

SEE D.I
2A. Static2B. Dynamic

B. BL IND
IB. Blank
2B. Standard
3B. Sample

1 . EPA Performance Standards WS/WP Series
2. State Performance Standards3. SEE Cl, 2, 3, B

O
CO
O
O

IIII
IIIIII
r
II
I
I
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A much greater purity of reagents and solvents Is required for organic
analyses. Only pesticide grade solvents and reference-grade standards areused. Assays of the reagents must be obtained whenever avai lable.
a) Gas purity for GC determinations depends upon the type of detector being

used. The following type and grades of gases are used: Grade 5 Helium,Grade 5 Nitrogen and Grade 0 Air.
A running inventory of all chemicals stored in the laboratory is maintained onfile. *-o
a) All chemicals received are affixed with a label. This label provides thedate of receipt, who received it, the date it was opened, and the e^pira-date (where applicable and/or as specified by the manufacture^

O

RECEIVED
OPENED
EXP IRAT ION

DATE BY

C.8 No chemical is directly taken from its respective conta iner .
not transferred via spatula or pipet directly from the bottle.

Reagents are

9,7 Solutions
All solutions prepared in the laboratory will be affixed with either a ReferenceStandard Working Solution Label. Each label will be filled out in accordance with theinformation requested.

WORKINGSOLUTION
Name
Nominal Concentration
Actual Concentration _
Exp. Date _____ By
Reference

REFERENCESTANDARD
Name
Code
Date Prepared
Exp. Date __
Reference

Cone.

By
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a) All solutions prepared are recorded 1n the solution log book. The date [P
the solution was prepared, the welgths and/or volumes used to make-jp thesolution, the person who did the preparing, the concentration, the reagan^assay, and any other applicable notations will be documented in the log.*BEach solution will be specifically identified and will be labelled with asequential number. This number will also be on the Reference StaisardLabel or Working Solution Label and used as a cross-reference to tiesolution log book.

crSolut ions prepared must be properly stored and maintained. All solutions ar
reagents are to be handled, conta ined, preserved ( i .e. refr igerated) #*$considered useable for the period of time specif ical ly documented under theanalytical procedures. The following 1s a list of consideration whic&may be-noted: C •

O *a) Borosilicate glass bottles with ground glass or polyethylene stoppers areused for most standard solutions and reagents. M
b) Polyethylene containers are used for a lka l ine solut ions .
c) Plast i c containers must not be used for reagents or so lvents ins tead foilorganic analyses. -
d) Reference standards commercially obtained are stored according tomanufacturer's direction.
e) Light sensit ive reagents and solvents are stored in dark bottles and incool, dark place.
f) Standards and solutions are not kept longer than recommended by theor manufacturer due to decomposition on standing.

iii
g) The concentration of standard will change as a result of solventevaporation and therefore they are kept capped in such a way thay they <tt

h)
air-tight
Solutions and reagents requiring refrigeration are appropriately stored.

1) Certain standard solutions and reagents are susceptible to changes inconcentration because of absorption of gases or water vapor and thereformust have known expiration dates.
i
Ii
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Groundwater samples from locations will be taken to determine the areal extent and
magnitude of groundwater contamination at South Cavalcade Site, Houston, Texas
Subsurface surficial soil samples will be taken to determine the vertical extent ofsoil contaminat ion. Surface water and sediment samples wil l be taken in standing haterand drainage pathways to determine surface migration of contaminants. A list of the
analytical procedures are l isted below with the corresponding laboratory ut i l i zat ion iscontained in Tables 7-1 , 7-2, 7-3, 7-4, 7-5.
10 .2 PHASE II SAMPLING ROUND o

Wel l s will be sampled in the second round to monitor groundwater contamination bated onresults obtained from Phase I* Surface water and sediment wil l be sampled in thifsecond round based on the results of Phase I. A list of the analytical procedurerVe
listed below with the corresponding laboratory uti l izat ion is contained on Table^l.7-2, 7-3, 7-4, 7-5.
10.3 METHOD SUMMARY AND MODIF ICATIONS
10 .3 . 1 So i l s , Sediment
All solid matr ix analyses wil l be performed by an analytical laboratory in Houston, TX.
1* Halogenated/Non-Haloaenated Volatile Organjcs
Lab follows EPA methods 8240 without exception.
2. Priority Pol lutant Scans
Priority Pollutant Scans consist of Volati le Organics, Acid/Base-Neutral Extractab les .PCB, metals, cyanide, and phenol.
Lab follows EPA methods $240,8250, 8270, 6010, 70§1 without exception*
3. Petroleum Hydrocarbons
Lab follows EPA method 418.1 without exception*
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TABLE 1. ANALYTICAL PROCEDURES AM) LABORATORY UTILIZATION ' •
Sample Matrixor Type

Subsurface
Soil ,

Sediment
(All Rounds)

SurfaceWater
. ' .

Analysis Required Procedure

Volatile Organics 5^30(1)/8240
(1)

Petroleum Hydrocarbons 3540/418.1
Priority Pollutant Scans , consist ing of:
- Volat i l e Organ i c s 5030/8240- Acid/Base-Neutral

Extrac tab l e s 3540/8250/8270- Priority PollutantMetals 3020/3010/6010
- Total Cyanide 9010

Volat i l e Organics 5030/8240
Petroleum Hydrocarbons 3540/418.1
Priority Pollutant Scans- Volat i le Organics 5030/8240
- Acid/Base-NeutralExtractables 3540/8250/8270
- Priority PollutantMetals 3020/3010/6010
- Total Cyanide 9010
Volatile Organics 624
Petroleum Hydrocarbons 418.1
Priority Pollutant Scans:- Volat i le Organics 624- Acid/Base-NeutralExtractables 625- Priority PollutantMetals 200.1/200.2- Total Cyanide 335- Nitrates 353.3
- Iron 236

* of mmSamples Labor; <•
Refer to To be m
Section 7 specii (•

O iCO m

0 §
0 1O 11111̂w •
§|1̂H
l|
ffil>f 1™ •
!|
II• •

ll
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TABLE 1. AKALYTICAL PROCEDURES AW) LABORATORY UTILIZATION (Cont 'd )
Sample Matrixor Type

Groundwater
Water

(1st & 2nd
round)

1. Method for

Analysis Required

- Vo la t i l e Organ i c s
- Acid/Base Neutrals- Metals
- Total Cyanide- Petroleum

Hydrocarbons- Nitrates- Pest ic ide and PCB- Iron- D . O .• pH- Temperature- Conduct iv i tyOrganic Chemica l Analysi

Procedure

624
625
200. 1/200 .2
335
418. 1
353 .3
6082363 6 0 . 1 / 3 6 0 . 2150 . 11 7 0 . 1
3 6 0 . 1 / 3 6 Q . 2s of Municipal and

# Of
Samples

Refer to
Section 7

Laboratory
To be
specif ied

*
v̂-
OOooo

Industrial Wastewater ,
EF-A-600/4-82-057 , July 1982.

2. Test Methods for Evaluat ing Sol id Was t e s , SW-846, July 1982.
3. Methods for Chemica l Analysis of Water and Wastes , EPA-600/4-79-020, March 1 979 .
4. Standard Methods for the Examinat ion of Water and Wastes , 15th edit ion,

APHA-AWWA-WPCF.
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I

11.1 DATA LOGGING
Upon receipt of samples for analysis accompanied by a completed request for analysis
form and/or chain-of-custody materials detai l ing requested analysis, the laboratory*supervisor or his delegate will:

1) Verify all paperwork, chain-of-custody forms, etc.

II
I
I2} Log in samples, ass ign unique log numbers, and attach the numbers to the samj

conta iner ( s ) . ^
3) Open project file and enter data on lab computer.
4) Assign priority and hazard rating criteria,
5) Store samples in refrigerated Sample Bank.

1 1 .2 ANALYZING THE SAMPLE AND PROCEDURAL DETAIL

CO
O
O
O

I

The samples will be analyzed by chemists and/or technicians using approved analyticprocedures (see Section 10) .
The chemist/technic ian wil l then record the results of analyses and deta i l all
procedural modifications, deviations, or problems associated with analyses in paranworkbook.
1 1 ,3 VALIDATION OF DATA

I
I

iUpon completion of an analytical procedure, data undergoes QA/QC review before final
reporting. CDM will be responsible for reviewing analytical results produced by NL IC

Analytical for completeness, representativeness, accuracy and precision. The QA •Officer will review all data for: H
1) Completeness of analytical data. This criterion is a measure of the amount

val id data obtained from the measurement system compared with the amount thwas expected under normal condit ions. This criterion is expressed as apercentage. i2) Correctness of analytical data* This criterion is simply a check on all'.•mathematical calculations, data transpositions, units of measure, significant
figures etc. ™'

3) Accuracy. This criterion compares reported values to known values, and isusually reported relative to some measurement of dispersion suet as standadeviation, or as a percentage. tmi
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4} Precision. This criterion measures the reproducibillty of a measurement.Precis ion may also be reported relative to some measurement of dispersion suchas standard deviat ion.
5) Representativeness. In a laboratory setting, this criterion is usually

evaluated according to the data's credibility, based on the QA officers pastexperience with similar samples.
1 1 .4 FINAL REPORT ING AM) REPORT ARCHIVAL
Upon successful completion of the QA/QC process, data is submitted in final reportform. This format consists of all pertinent sample and project information as ^original ly provided with sample log in material. It also makes specific referetfSe toanalytical notes and references. O
Copies of all analytical data and/or final reports are retained in the laboratory fi les
and, at the discretion of the laboratory manager, data will be stored on computer disksfor a minimum of one year.
After one year or whenever the data becomes inact ive , the files wil l be transferred to
archives in accordance with Standard Laboratory Procedure, Data may be retr ived fromarchives upon request.
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Internal quality assurance procedures are designed to assure the consistency and con-tinuity of data. If required, external quality assurance procedures (interlaboratorychecks) are carried out to assess the accuracy of the data generated. Internal qualitassurance procedures:
o Instrument performance checks
o instrument calibration LTi

o documentation on the traceability of instrument standards, samples, andXBata
o documentation on analytical methodology and QC methodology (QC methodology

includes spiked samples, duplicate samples, and split sample use of referenceblanks and check standards for method accuracy and precision) °
o documentation on sample preservation and transport

12.2 FREQUENCY OF QUALITY CONTROL CHECKS
The frequency of Quality Control Checks is based on the type of analysis. Specificfrequency criteria for this program are presented in Section 9.
12.3 TYPES OF QC CHECKS
Standard analytical QC include but are not limited to:
*• Duplicate Samples
At selected stations on a random time frame, duplicate samples are collected from twosets of field equipment installed at the site, or duplicate grab samples are collected.This provides a check of sampling equipment and technique for precision.
2. Split Samples
A representative subsample from the collected sample 1s removed and both are analyzedfor the pollutants of interest. The samples may be reanalyzed by 1ITRI or analyzed bytwo different laboratories for a check of the analytical procedures,
3. Spiked Samples
Known amounts of a particular constituent are added to an actual sample or to blanks atconcentrations at which the accuracy of the test method is satisfactory* The amountadded 1s coordinated with the laboratory* This method provides a proficiency check forthe accuracy of the analytical procedures* .<
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13.1 FIELD AUDITS
For each site where samples are collected, an unannounced audit investigatingconformance with QA/QC procedures is performed by the Sampling Quality Assurance
Officer (SQA) during the project performance period. A checklist for this audit isshown on the following pages. A written report on the results of this audit, along
with (as necessary), a notice of noncomformance is submitted to the:

o Manager of Qual ity Assuranceo Site Project Manager _
0 Sampl ing and Analytical Coordinator
0 Project Director *s'—

00
The Nonconformanee Notice (NCN) describes any noneonforming condit ions and se t s <Pdat
for response and corrective act ion. This notice is fi led in the DCC and SQA fife.The response is reviewed by the SQA and if satisfactory, Is approved in writ ing^
Approval notice is also filed in the DCC and SQA fi les. Copies of both the NCN,response and approval is sent to the Manager of Quality Assurance.
At the completion of a part icular site response, a final quality assurance audit is
performed. A final report is prepared which summarizes any deviat ions from approvedmethods and their impacts on results.
13.2 QUALITY ASSURANCE REPORTS TO MANAGEMENT
Comprehensive records shall be maintained to provide evidence of the quality assuranceactivit ies. Procedures for recording all aspects of the quality assurance program will
be written and placed on file. Appropriate personnel will be trained in the use of
these procedures.
The proper maintenance of quality assurance records is essential to provide support ievidentiary proceedings and the original quality assurance records will be kept in thProgram Quality Assurance Manager's records.
Access to working files will be restricted to only project personnel. Access to allfiles containing quality assurance reords will be restricted to listed personnel asshown on the attached limited access form. Upon termination of an individual task orwork assignment, working files will be processed for storage as quality assurancerecords•

ll
"I
I
I
I
I
I
I

i
13.3 CORRECTIVE ACTION rIWhen a nonconformanee or deficiency 1s identified during a formal audit or during aroutine quality control audit, corrective action will be Initiated by tjie Project .Quality Assurance Manager or the appropriate functionary (laboratory quSlity assurancl *manager, etc.). The Auditor will also be responsible for ensuring that the correctivl jj
action has Indeed been taken, and that it adequately addresses the nonconformanee. Anonconformanee report form will be field for all non-laboratory related deficiencies. I
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All technical staff shall be responsible for reporting all suspected technicalnonconformances by init iat ing a nonconformance report of any issue deliverable or
document. All staff shall be responsible for reporting all suspected quality assurancenoncomformances by init iat ing a nonconformance report* The Project QA Manager wi l l be
responsible to ensure that corrective actions for nonconformances are Implemented by:

A rw* i . . . * j— - • • *o
o
0
o
o
0o

Evaluating all reported nonconformances;
control l ing addit ional work on nonconforming items;determining d ispos i t ion or action to be taken;mainta in a log of nonconformance;
review nonconformance reports;
eva luate d i spos i t ion or act ion taken ; andensure nonconformance 00

OOAny staff member who discovers or suspects a nonconformance, which Is an identidted or
suspected defic iency in an approved document, is responsible for in it iat ing a ononconformance report.

ii
i

iiii
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14.1 MASTER EQUIPMENT CONTROL RECORD
An Inventory control system including all equipment and instrumentation is being usedand 1s maintained by the equipment manager as the bas i s for maintenance and cal ibration
control. The inventory control documentation includes the following:
(1) Description of item.
(2) Manufacturer , model number, and serial number.
(3) Ident if icat ion Number. ^_
(4) Name, address , and telephone number of company which services item.
(5) Type of service policy.
(6) Timing and frequency of routine maintenance, serv i c ing , and ca l ibrat ion .
14 .2 GENERAL EQUIPMENT MAINTENANCE, REPAIR AND CALIBRATION
Standard procedures for equipment maintenance, repair and calibration for all instru-
mentat ion and equipment are detai led in SOP 3817013.
14 3 CRIT ICAL SPARE PARTS AND EQUIPMENT IDENT IF IED FOR SOUTH CAVALCADE SITE SAMPLING
AN) ANALYTICAL PLAN PROJECT
(1) H-Nu Photoanalyzer with 10 .2 ion izat ion potential lamp
(2) Organic Vapor Analyzer
(3) Power Auger with 3-foot auger intervals
(4) Cold Packs

CM
oo
O
O
O
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[PROJECT-SPECIFIC LIST TO BE PROVIDED BY FOP]
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15.1 OVERVIEW
The reliability and credibility of analytical laboratory results can be establ ished by
the inclusion of a program of randomly-scheduled replicate analyses* analysis of
standard or spiked samples, and the cooperative analysis of split samples by severallaborator ies . These external quality control checks should be an integral part of anysampling and analytical plan.
Regularly scheduled analysis of known duplicates, standards, and spiked samples are aroutine aspect of data reduction val idation and report ing procedures (see Sect ion 11) .The specific procedures used to calculate these values follow.
15 .2 SCOPE AND APPLICATION
The procedures described herein are designed to procure precise and accurate data foreach analytical method and analyst. To insure that reliable data continue to br-pro-
duced, systematic checks must show that test results remain reproduc ib le and thafPthemethodology is actually measur ing the quantity in each sample. Qual i ty Assurano£ >must
begin with sample collection and not end until the resulting data have been reported.
15.3 STATISTICAL EVALUATION OF QUALITY
Formulae for calculating prec is ion and accuracy.
1, Prec is ion
o Standard dev ia t ion ( s ) from pairs of duplicate measurements:

ii

where d » dj - d«» the difference in concentrations of the two measurements; and N
the number of duplicate measurements.

o Standard deviat ion(s) from many measurements on one sample:

S (X, -T)'
^T- 1

where Xi B the values of Individual measurements; x * the mean of all themeasurements; and N = the number of measurements.
2. Accuracy *
o Accuracy reported as percent spike recovery:
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V^ ) x 100

where S * the concentration of the spiked sample; S. * the concentration of theunspiked sample; and So s the concentration of the spike added to the sample.
3. limit of Detection (LOD)

iiri'i
•i

The limit of detection is the lowest concentration of an analyte that the analytical 9
process can reliably detect. Method sensitivity is defined as the ratio change in the *
instrument response to the change in analyte concentration; I.e., the slope ofca l ibrat ion curve should not be confused with the limit of detection. The LOD ̂  mostinstrunental methods is based on the re lat ionsh ip between the gross analyte signal S ,the field blank $., and the variability in the field blank 0R, The limit of derection
has been variously defined by the extent to which the gross signal exceeds Sh« °D O

^ Kd o iiIf field blanks are not available or if a single sample is being analyzed for which
there is no field blank data, then the limit of detection is based on the peak to peak
noise (0 = On) measured on the base line close to actual or expected analyte peak.Detection should be based on a min imum value for K. of 3. Thus, the limit of detec- f
t ion is located at 3 above the gross b lank signal Sfa. This is i l lustrated in IExh ib i t X IV- 1 which depicts the region for detection or analyte in the gross s igna l as
S. > S, + 3t - b
4, Limit of Quantitation
The limit of quantitation
definit ion:

and similarly for the net signal as S _>.
(LOQ)
( LOQ) is located above the measured blank S. by the followii

- S b
It 1s recommended the minimum value be K = 10. This is Illustrated in Exhib it 14-1where the region for analyte quantitation 1s expressed in terms of the gross signal as$t ^ (S. + 10 )t and in terms of the analyte signal S £ 10 * The correspond^expression in terms of concentration would be obtained by usTng the calibration
function. Following the previous example used for the LOD,

iii
Sq/a (for Cx)Cx (LOQ) «

15.4 QUALITY ASSURANCE PROCEDURES
1. Replicate Analyses
A minimum of 10 percent of the parameters of water/wastewater samples submitted to thiLaboratory will be analyzed 1n replicate (duplicate or triplicate). Samples forreplicate analyses will be selected at random by the Quality Assurance Officer and so _designated at the time they are logged in and the parameter*, for replicate analyses af~i
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selected. Samples for replicate analysis may also be designated by field personnel atthe time of sample collection.
2. Spiked Samples
A minimum of 10 percent of the samples submitted will be selected for spiking with a
known concentration of a given parameter. The spike added to the sample will be of thesame order of magnitude as the parameter in question found in the sample. Thus, thepercent recovery will accurately reflect the accuracy of the analysis in a g iven range.Spiking will be done by a Laboratory Supervisor on samples randomly selected by the
Data Management Supervisor. tr\
3. Standard Quality Assurance Samples CM

CO
A selected number of the sample parameters analyzed will require submission of a°
standard Quality Assurance sample for that parameter. This sample will rece ive <£>log
number and a bogus identif icat ion and be submitted as a bona fide client sample.o
4. Round-Rpbin (Spl it) Samples
Samples split between several laboratories (such as EPA samples) will be logged in and
ident if ied as such. They will be analyzed along with regular samples and whenever
possible run in replicate.
5. Standard Curve Validation
All analyses require that standard samples (samples that the analyst has prepared from
pure materials and disti l led water or from certified materials traceable to theNational Bureau of Standards) be analyzed concurrently with the sample. In general,the range covered by the standards should comprise the useful parameter concentration
range and sensit ivity of the analytical method. A minimum of five points within theuseful range are required to establish a valid calibration curve. In most instances,new standard curves must be established wTtTTTach new group of samples. Where continu-ing analyses of the same samples are being done, two or more points on the curve may be
checked to validate same. (See Section 9 Calibration Procedures and Frequency).
15.5 QUALITY CONTROL CHARTS
To portray the variation 1n the true concentration level of parameters analyzed in anenvironmental laboratory, the system best suited Is a display of the percent recovery
calculated as follows:
Standard Samples

Percent Recovery (P) Observed"known x 100'
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Spike Samples
Observed-Background

Spike 100

Charts are constructed to evaluate the accuracy of analyses of a given parameter
percent recovery against sample numbers of the same type of sample. To establ ishmedian, upper control and lower control limits, the average percent recovery must be
calculated, then the standard deviation for the percent recovery.

The upper control limit 3SP
P s average percent recovered
S * standard deviation from "F

The completed control charts are shown in Exhibits 15-1, 15-2, 15-3, and 15-4.

vO
CM
00oo

ri
II
"I
I
I
I

Fol lowing normal procedures, the control chart must indicate the conditions under wh~
it was developed; i .e., laboratory name, parameter, method of analysis, date of prep*.ration, and any other information unique to the initializing data, such as range ofconcentration and identification of analyst(s). A control chart is not generally *
applicable under other conditions. •
To verify the control chart, the initializing data should be checked to be sure thatnone of the values exceeds these new control limits. In addition, if its distribute •
i s .ppoper, about 68 percent of the init ial izing data should fall within the interval 9
" _ ^n*K

In applying the control chart, either of the following two conditions would indicateout-of-control situation:
(1) Any point beyond the control limits*
(2) Seven successive points on the same side of the value P of the central line.
When an out-of-control situation occurs, analyses, must be stopped until the problemhas been identified and resolved, after which the frequency should be increased for th«
next few percent-recovery QC checks. The problem and its solution must be document,and all analyses since the last in-control point must be repeated or discarded.
15.6 ANALYSES AND REPORTING OF RESULTS OF QUALITY ASSURANCE SAMPLES
(1) The results of quality assurance sample analyses will be recorded in a permanen

bound notebook*

I
I
I

ll(2) The Quality Assurance Coordinator will analyze the results statistically and di1
cuss the results with the individual analysts and Laboratory Supervisor. Thequality performance of each analyst will become a part of his/her annual reviev 'I
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A monthly Quality Assurance Report will advise the Laboratory Director and the
Laboratory Manager of the level of both precis ion and accuracy of laboratoryresults.
Reports of quality assurance will be made to individual clients and/or Projectmanagers as the Director of Laboratory Services may direct.
Semi-Annual Reports wi l l be submitted to the QA Board.

(3)

(4)

(5 )
15 .7

rA(1) Handbook for Analytical Qual i ty Control in Water and Wastewater Laboratories
U .S . EPA, Office of Technology Transfer , Cinc innat i , OH, March 1979, ^

(2) QA Program for U .S . Army Toxic and Hazardous Mater ia l s Agency (USATHAMA) , °
Department of the Arn^y, Aberdeen Proving Ground, MD, 21010, August 1980, °

(3) Analytical Chemistry, Vol . 52, No. 14, December 1980.
Laboratory Qual ity Assurance Manua l , Roy F. Weston, Inc., December 11, 1981 ,Chapter 7,

(5) Semi-Annual Reports wi l l be submitted to the QA Board.
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16. OVERVIEW nWhen a nonconformance or deficiency is identified during a formal audit or during a
routine quality control audit, corrective action will be init iated by the Project ™—
Quality Assurance Manager or the appropriate functionary (laboratory quality assuranc Imanager, etc . ) . The Auditor will also be responsible for ensuring that the corrective*
action has indeed been taken, and that it adequately addresses the nonconforrcance. 0nonconformance Report Form, Exhibit 16-1, will be filed for all non-laboratory relatedef ic ienc ies .
The Audi t ing Team Leader shall document the completion of the audit by indicat'Mg sue
on the quality notice form (Exh ib i t 16-2) . ^

CO16 .2 NON-LABORATORY ACTIVITIES o m

All technical staff shall be respons ib le for reporting all suspected technical noncon™
formances by In it iat ing a nonconformance report of any issued del iverable or document
All staff shall be respons ib le for reporting all suspected quality assurance noncon- (
formances by in it iat ing a nonconformance report.
The Project Qual i ty Assurance Manager wi l l be respons ib le to ensure that correct ive •
act ions for nonconformances are implemented by: *implemented by

o evaluat ing all reported nonconformances;
o control l ing addit ional work on nonconforming items;
o determining disposit ion or action to be taken;
o maintain a log of nonconformances;
o review nonconformance reports;
o evaluate disposit ion or action taken; and
o ensure nonconformance reports are included in the final site documentation ir

document control.
Any staff number who discovers or suspects a nonconformance, which Is an identified d
suspected deficiency 1n an approved document, 1s responsible for Init iating a nonconformance report.
The Site Manager shall ensure that no additional work, which Is dependent on thencnconforming activity, 1s performed until the nonconformance report Is"corrected.

iiii
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16 .2 . 1 Respons ib i l i t ies
The Project Manager shall be responsible for carrying out correct ive action, as init i-
ated by the Program Qual ity Assurance Manager. The Project Manager shall evaluate each
nonconformance report and shall provide a disposit ion by checking the appropriate boxand descr ib ing the action to be taken.
16 .3 LABORATORY ACTIVITIES
1. .Qua! ity Control..Charts.
Control charts are used to monitor the day-to-day variat ions in the prec i s ion or^accu-racy of routine analyses and can detect trends in these var iat ions . Construct ion of acontrol chart requires an initial data base to establ i sh the mean and standard defla-tion of measurements . The data base will consist of measurements obtained fromcper-
forming the complete analytical method. These control charts fall Into two categories:
prec is ion control charts , and accuracy control charts. Data fal l ing outs ide th^yppercontrol limit or the lower control limit of either of these charts indicates an
"out-of-control" s i tuat ion . Correct ive act ions wil l be taken to ascer ta in the cause ofthe out-of-control situation, as fol lows.
a. Prec is ion
After the day's data have been plotted on the control chart, the data wi l l be pooledwith previous data to calculate a new mean and standard deviat ion for control l ing the
following day's process. In determining the new mean and standard deviation, the new
data should be combined with previous found concentrations and not the mean of the pre-vious found concentrat ions. Except for the data obtained from standard samples, no
data may be discarded unless sufficient reason can be cited to justify the discardingprocess. That a point is beyond control limits 1s not sufficient just if icat ion todiscard the point.
b. Accuracy
Accuracy control charts are constructed by calculat ing the mean and standard deviationof the slope of the least squares regress ion line of a plot of found vs. target concen-
trations. The upper control limit (UCL) and lower control limit (LCL) will be estab-l ished at three times the standard deviat ion (3s ) above and below the central l ine,respectively. The slope of a line calculated from the found concentrations of QCspiked natural samples analyzed in a single day will reflect the accuracy for that day.The value of the slope will be plotted on the control chart* If the majority of valuesfall within the bounds of the UCL and LCL, the process 1s considered 1n control.Values consistently falling outside this area Indicate an out-of-control situationrequiring corrective action. After the slope from the day's data has been determined,this value will be pooled with the slopes obtained from previous days tp calculate anew mean and standard deviation to control the following day's process. Except for thedata obtained from standard samples* no data may be discarded unless sufficient reasoncan be cited to justify the discarding process. That a point 1s beyond control
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iri

wil l notify the Laboratory Qual i ty Control Coordinator (LQCC) and the Laboratory^)
Manager . The LQCC will stop all analyses on the instrument and take the followingremedial action:
( 1 )

(2)
(3 )
(4 )

(5 )

(6)

Check the instrument cal ibration record and standard samples used forcal ibration.
O
O
o

No instrument will be returned to operational status until check analyses
Indicate an * '1n control" s ituat ion*

(7) All results of checks and remedial action will be fully documented.

i
1s not suffic ient just if icat ion to discard the point . An out-of-control s i tuat ion mafbe indicated by: 1
(1) A value outside the control limits. •
(2) A series of seven success ive points on the same side of the central l ine.
An out-of-control analys is , as indicated by QC charts for a given day, will cause the Ianalyt ical results for that day to be rejected by the Laboratory Data Superv i sor , who ™iiiCheck all calculations for mathematical accuracy,,

Have the instrument re-ca l ibrated and re-checked with QC performance s tandards .
If the instrument is operat ing sat isfactori ly, have analyses of samples ,duplicates, and spikes repeated.
If the instrument 1s not operating satisfactori ly, label it "out-of-order" and _have 1t repaired by instrument maintenance before re-checking and re-analyzing •
samples. *i

i
'
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17. 1 OBJECTIVE
This section descr ibes the methods required to store and retrieve quality assurancerecords.
17 .2 REQUIREMENTS
Comprehensive records shall be maintained to provide evidence of the quality assuranceact iv i t i es .
17 .3 IMPLEMENTATION * *~
Procedures for recording all aspects of the quality assurance program will be wrWtenand placed on fi le. Appropr iate personnel wil l be trained in the use of thesecedures.
1 7 .4 D I SCUSS ION o
The proper maintenance of qual ity assurance records is essent ia l to provide support inevident iary proceed ings .
The original quality assurance records wil l be kept In the Program Qual i ty AssuranceManager ' s records.
A quality assurance records index wil l be started at the beg inn ing of a project basedupon the information presented in the work plan.
All information received from outside sources will be retained by the group us ing thedata.
Access to working fi les will be restricted to only project personnel.
Access to all files containing quality assurance records will be restricted to listedpersonnel as shown on the attached limited access form.
Upon termination of an individual task or work assignment, working files wil l beprocessed for storage as quality assurance records.
Upon termination of the project all quality assurance records shall be handled asrequired by USEPA.
17.S RESPONSIBILITIES
The Project Manager shall be responsible for ensuring that quality assurance recordsare being properly stored and that they can be retrieved.
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ii
The Proqram Quality Assurance Manager shall be responsible for mainta in ing the record*!
which will include quality assurance record files and a quality assurance records |
Index.
The Site Coordinator shall be responsible for identifying the documents to be desig- •
nated as quality assurance records. These shall be responsible forni

ld^^in9 the •
documents to be designated as quality assurance records. These shall be del ineated in
the work plan* •

00
K^
00
O
O
O
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DEEP GROUNDWATER OBSERVATION WELLS

O

o

The deep well installation program for the South Cavalcade Street Site isto be carried out as follows:
1) Steam clean all downhole equipment and materials to removal alltraces of soil, oils, or grease prior to each use at each site.
2) All water used nust be from an approved source.
3) The well bore should be advanced initially through the shallow

aquifer using mud rotary techniques until "clean" mater ia ls areencountered 1i» the underlying formation* The underlying formation
may be assumed to be clean if no indicat ions of contaminat ion are
detected through visual examination of the soils, with the olfact-
ory senses, or by field instruments and tests for head space
analyses, for metals and total petroleum hydrocarbons, descr ibed ^for the subsurface boring program. Samples collected at 5 foot COintervals wil l be examined prior to advancement to the next samplinterval. A sample from the terminus of this initial boring will
be analyzed in the laboratory to confirm that it was free of con-
tamination. A thick bentonite based mud with no organic polymeraddit ives wil l be employed. The consistency and weight of this
mud must be sufficient to ensure that Us density is greater than
the density of any known organic contaminants downward. Howevermud used for this upper shallow aquifer zone will not be recircu-
lated; instead, it wil l be wasted to a temporary storage tank forultimate approved disposal.

4) The well bore shall be reamed to a diameter that will accept a 6"or larger diameter in this initial shal low interval.
6) A thick, pure high sodium bentonite based mud with no organic po-

lyirer additives shall be employed during reaming of the hole. Thewell bore will be sealed off with large diameter (6 inches ormore) steel casing cemented into place with a non-shrink bentonite
- cement grout (ASTH ). Once the grout around the surface casinghas cured (24 hours minimum) and the inside surface casing hdSbeen thoroughly cleaned, the well bore can be further advanced.All casing Installed should be sufficiently plumb and straight forcontinued drilling below the first horizon.

6) Once installation of the 6-1nch casing 1s complete, a minimum 5
3/4-Inch rotary hole shall be advanced to the target detph, againusing mud rotary techiques with a new supply of pure, high sodium
bentonite mud of specified density. Frequent mud changes isessential throughout the drilling procedure to ensure minimizatonof cross contamination.

-1-
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7) Samples will be collected by Stielby tube or split spoon samplersat 5 foot intervals to a depth of 50 feet, 10 foot intervals below50 feet and at each change in strata. All samples will be loggedand visually descrived 1n the field using the Unif ied Soil C la s s i -fication and standard color charts as a basis as well as headspace analysis and field tests. An samples shall be handled andStored according to [Specify]. [CFR?]
8) The boring shall be terminated at a depth no greater than 300feet.
9) The remaining well casing and screen shall have a minimnn nominal

diarr.eter of 4 inches constructed of Schedule 80 PVC or f iberglass .The use of fiberglass casing must first be approved by the EPA.Ohter css ing s izes may be used, however it msut be large enough to
permit the passage of a 3 3/5 Inch 0.0. x 30 inch long submersibl^_
pump from the ground surface to the top of the well screen. Lar-ger cas ing s izes must be evaluated and approved as to their abi l-ity to withstand collapse. The screen shall be factory manufac- °^
tured with an opening of 0 .010 inches. All joints must be screw Othreaded or riveted; no welded joints permitted. The well cas ingQ
and screen shall be thoroughly steam cleaned prior to in s ta l l a- o
t ion. A cap or plug shall be placed on the bottom of the wellscreen.

10) The entire interval of the deep: r aquifer shall be screened. The
screened Interval of the wel l , to 2 feet above the top of thescreen, shall be packed via trenie pipe, pump, or as necessary and
approved with c lean, suitably graded material to faci l i tatehydraulic conmunicat ion between the well and the formation and to
prevent clogging of the wsll screen with fine part i c l e s *

11) A 5-foot bentonite seal shall be placed above the screen pack andthe remainder of the well bore up to approximately 2 feet belowthe ground surface, grouted in one continuous operation from the
bottom up w- ja trenie pipe, pump or other approved methods withnon-shrink bentonite-cement grout (ASTM ). If a cement basket
is employed, 1t shall be completely free of all glues, solvents,or paints .

12) A 6-Inch protective steel casing with locking cap wil l be insta l l-
ed around the PVC casing Into the annular space left above thegrout, and cemented in place. A 3 foot by 3 foot 6-inch concretepad around and sloping away from the steel casing will be includ-ed. Cement will also be placed between the protective steel cas-ing and the inr.er casing from the bottom of the annular space tothe level of the pad. Three protective steel pipe barriers willbe installed around the pad* The barriers will be set at least 21/2 feet deep in concrete and filled with concrete to the upperedge. These barriers will also extend 3 feet above the groundsurface at a minimum and painted witii implement grade ye'Mowpaint. The proper identification code for the observation wellwill be permanently affixed to the protective steel casing.

II
rlI
IIIIIIII
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13) All drilling mud and residual soil materials from the boreholeshall be disposed of at a Class I faci l i ty permited by the TexasDepartment o.* Water Resources , unless onsite disposal proves feas-ible.
14) The wells shall be developed to a condition in which the producedgroundwater from the dr i l l ing mud and the surrounding formation isfree of turbidity and sedimentary particles by pumping, surg ing orair l ift ing, as appropriate.
15) Once free of sediment, the well shall be pumped for a mini muni of

three days or for a period of time equivalent to twice the amount
of time required to remove the volume of wtae from the well equal
to the estimated volume of water lost during dril l ing, whicheveris longer.

16) All water produced dur ing development of the well and the subse- ^quent pumping period shall be stroed until analysis demonstrates ^the water to be free of contaminat ion. If the water produced co
proves to be free of contamination, 1t may be discharged to wasteoon the ground surface or disposed of in the sanitary sewer accord-^
ing to condit ions imposed by the City of Houston for an industrial"
waste permit; if discharged onto the ground surface, no runoff °from the site shall be permitted. EPA approval is required for
discharge.

17) The location of the well shall be surveyed to the nearest 0.01
foot; the ground surface at the well and cas i ng st ick-up shal l be
surveyed to the nearest 0.1 foot and a permanent mark aff ixed to
the cas ing for subsequent consistent measurement of water leve l s .

18) The site will be cleared of all residual dri l l ing mater ia l s and
trash, any disposable materials will be stored for proper d i spos-al. All dri l l ing equipment will be thoroughly cleaned pr ior to
transport to the next drill site.

i -3-
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SHALLOW GROUNDWATER OBSERVATION WELLS

II
The well instal lat ion program at the South Cavalcade Site 1s to be carriedout as fol lows:

1, All downhole equipment will be steam-cleaned prior to remove all
traces of soi ls mater ia ls , oils, or grease commencing dri l l ing ateach hole; all sampling equipment shall be properly cleaned prior
to reuse.

2.
3.

4.

5.

6,

7.

Dri l l i ng will be dry hollow-stem augering to the designated deptn.
Samples will be collected by spl it-spoon or Shelby tube samplers
continuously down to a depth of two feet below the base of theshal low aquifer.
All samples will be logged; visually described us ing at a minimum 1^of Unif ied Soil c lass i f i cat ion system and a standard color chart ocas a bsis, field tested ( inc luding a head space analysis, and
label led and packed according to EPA specified guidel ines . All
sampl ing equipment shall be steam-cleaned prior to reuse.

O
O
O

At the termination of the bor ing , the well screen and cas i ng shal l
be instal led through the hol low stem of the auger. The well
screen and cas ing shall meet the fol lowing cr i ter ia :
a) 2-inch or 1 1/2-inch , f lush-jo int , Schedule 40 PVC, withmanufactured PVC screens.
b) All joints screw-threaded or riveted; no solvent welded

joints permitted.
c) Well screens with 0.010 inch openings of sufficient

length to screen the entire thickenss of the shal lowaquifer and two feet above the indicated water table.
d) A PVC cap or plug placed at the bottom of the well

screen.
The entire length of the well screen be two feet above the entire
length of the well screen (if poss ib le) shall be packed with anappropriate sized material to facil itate hydraulic communication
of the well with the adjacent aquifer and to prevent cloggi. ig.Pack material should be installed as the augers are withdrawn from
the well bore; use of the 1 1/2-inch PVC rathre than the 2-inchPVC facil itates placement of the pack material, while minimiz ingclogging or bridging.
Approximately two feet of pure, high sodium bentonite will beplaced above the pack material and the remainde of the we-11 boregroutea back to approximately 2 feet (as permissible by the totalwell depth) b?low the surface with a non-shrink bentonite-cement
grout (ASTM ).

iiiii
iki
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8. A 6-inch protective steel cas ing with lockable cap wil l be ins ta l-
led around the PVC casing into the annular space left above thegrout, and cemented in place.
A 3 foot by 3 foot 6-inch concrete pad around and sloping away
from the steel cas ing will be included. Cement will be placedbetween the protective steel casing and the inner PVC casing from
the bottom of the annualr space to the level of the pad. Threeprotective steel pipe barriers will be installed around the pad.
The barriers will be set at least 2 1/2 feet deep in concrete and
fil led with concrete to the upper edge.
These barriers wil l extend 3 feet above the ground surface at a
minimum and pointed with implement grade yellow paint.

9. The proper ident if icat ion code of the observat ion well wil l be ^
permanently aff ixed to the protect ive steel cas ing . 0̂010. No wel l s shall be developed to a condit ion in which the produced Q
groundwater from the dr i l l ing mud and the surrounding format, is ofree of turbidity and sedimentary partic les by pumping, surging or
air l ift ing d: appropriate. Development shall be for a minimum of
four hours . AK water produced during development of the wel l sshal l be col lected and stored for proper d i sposa l .

11. The locat ion of the wel ls shal l be surveyed to the nearest 0.01
foot; the ground surface at the well and casing stick-up shall be
surveyed to the nearest 0.1 foot and a permanent makr aff ixed tothe casing for subsequent consistent measurement of water levels.

12. The site wil l be cleaned of all residual dr i l l ing mater ia l s and
trash, any d i sposab le mater ia l s will be stored for proper dispo-sal . All dr i l l ing equipment wil l be thoroughly cleaned prior to
transport to the next dri l l s i te *

IIII
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APPENDIX II - LABORATORY QA/QC PROCEDURES
STANDARD OPERATING PROCEDURES

(BULKY DOCUMENTS PROVIDED ON REQUEST)
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APPENDIX III - STANDARD OPERATING PROCEDURES FOR ftEM II WORK
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"TECHNICAL"OPERATIONS "MANUAL"

GLASSWARE PREPARATION ANDEQUIPMENT DECONTAMINATION

7777-999-PMr """"" ~l~of __"
1 1 /8/84 Draft

Rob Palemo

The fo l lowing sections ar'« contained in this Standard operat ing guide l ine

A. 1 . 1 General

A. 1 .2 Meta l Analys i s

A. 1 „3 Ex t r a c t a . b l e

A . 1 . 4 Ecu"'p"'e"t Decon tam ina t i on
00ooo
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TECHNICAL OPERATIONS MANUAL

SOIL SAMPLING METHODS

7777-999-PMI
11/7/84

8 of «M

Orafl
John Adams

6.1 . 1 Spl i t Spoon

Used to obtain a sample 1.75 to 2.5 Inches in diameter up to 2.5 feet 1n
continous length. It 1s advanced ahead of a boring Into undisturbed soi ls .
Samples can be readily inspected and changes in l ithology noted.

6.1 .2 Shelfay Tube 00

II
ri
II

Tubes may be coated with lacquer or zinc chromate which may be transfered t§ a
sample, adversely affection chemical analysis. Samples should be removed Pom
tubes and placed In sample containers as soon as possible. If contamination^
from the instrument 1s suspected 1/2 to 1 Inch of the outer surface should be
scraped off.

G. I .3 Thin Wal l Tube

Sampler 1$ pressed or driven Into soi ls without rotation result ing in a near ly
undisturbed sample 1 .875 to 2 inches 1n diameter, 2 to 3 feet long. The tube
must be allowed to remain in the boring for 10 to 15 minutes to allow build up
of skin friction prior to removal. The sampler Is then rotated to shear off the
soil beneath below and 1s carefully removed. Disturbed soils from either end of
the tube should be removed and the sample logged. Samples obtained for votitlle
halogenateti organic analysis must be promptly removed from sample tubes. Other
samples may be sealed with 3 * 1/4 Inch successive layer of liquid wax such as
Socony vacuum product 2300. Wax is poured Into both.ends and each successive
layer allowed to dry. The remainder of space 1s filled with Ottawa sand or 3
s imi l iar product and capped with plastic caps. The tubes must be layered top
and bottom noting the depth range and sample location*

1
I
IIIIII1II
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TECHNICAL OPERATIONS MANUAL

GROUNDWATER SAMPLING PROTOCOL

~»777-999-WI —-—~-rof ~
11/7/84 Draft

Rob Palermo

TABLE OF CONTENTS

Groundwater Samp l i ng Protocol

A, l Object ive

B,l Pre l im inary Sampl Ing Checks

6 . 1 * 1 Ca s i n g Integrity
B.I . 2
B . \ . 3 Veil Information

C.I F i e l d

C.I . I Wel l Parameter s
C. I . 2 Purge HethodSL
C . 1 . 3 gH/C o nd u c 1 1 v 1 1 y /Tern p e r a t u re
C * 1 •* Groundwater Charac te r i s t i c s
C . 1 . 5 Weather CpndU.Hpn

0.1 Purging Methods

0.1 . 1 Portab le Motor Driven Centr ifugal Pump
0.1 .2 Perestaltk Putnfl
0 . 1 .3 Ajr Of Inert Gas Pump
0.1 * * PVC or Sta in l e s s Steel Boilers
0* 1 *5 £ 1ectr1e Submersible Pu

E.I Procurement

E.I.I Bai ler Composition.
E.1.2 $11 Ur. Decontamination
E.1 .3 Bai ler String or L1nt

(X)ooo
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SURFACE WATER SAMPLING METHODS
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II
TABLE Or CONTENTS

A.I Introduction

8.1 Containers

C.I Samp l i n g Locat ions

D.I F1 * l d Measurements and Obse rva t i o n s

E.I Sampl ing Techniques

F. I Samp l i ng Equipment
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TECHNICAL OPERATIONS MANUAL

GROUNDWATER SWUNG PROTOCOL
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TABLE OF CONTENTS

6roynj »ater Sampl ing Protocol

A.I Object lyg

B. I Pre l im i n a ry Samp l i n g Checks

B.I . I
B. I . 2 We l l Security
B. I . 3 Wel l Informat ion

C.I Fie ld

in
GOooo

C • 1 * 1 Wel l Parameters
C. 1 .2 furge_ Met hods
C. I . 3 pH/CQnductlvjty/Temperaturg
C.I . * 6j:_pundyater Charac ter i s t i c s
C. I . 5 Weather

0 . 1 Purg ing Methods

0.1 . 1 Por tab l e . Motor Driven Centr ifugal Pum

0,1 .3 Ajr or |ne!t Gas Pump
O-I-4 PyC_or Sta in less Steel Boi lers
0. 1 .5 i _ e c tMc$ut > f f i e r s 1b 1 » Pu

£ . 1 * 1 jajler Composition
£ . 1 *2 BaJJer^pecontaml natio
E* 1 .3 Bai l er String or line
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SURFACE WATER SAMPLING METHODS John Adams

C.I SajrijjLi^iJ._oc at 1 ons

Surface water sampling locations are selected on the basis of their probabil ity for
showing contaminants migrating from a site. Prior to sampling the "Initial Site
Characterization" must establish site drainage patterns. Topographic maps, river basin
studies and air photos may be used to establ ish and confirm tfrese evaluations,

Sample locations are chosen on the basis of those points most Hkely to be
runoff or leachate from known or suspected areas of contamination. These areas
Include rivers, brooks or streams running through or adjacent to a site, i
those bodies of water which may receive surface runoff or leachate from a site.
addit ion, background samples upstream from a Site should always be taken in
establ i sh ambient water quality In an area.

The number of sampling locations 1s dependent on many site characteristics. The
"Initial Site Character izat ion" may estimate the number of samples locations however
the field team must always provide the final determination of exact locations and
required samples.

0.1 and Observat ions

A number of measurements and observations should be made in the field at the time of
sampling. Record this Information In the field log book with the appropriate sampling
point data to locate them on a site plan and return to the same location for future
Stapling '.If required.

The measurements and observations ire critic*! for interpretation of Uboratory data.
The following list of measurements *ftd observation represent i minimum requirement for
surface water samples.

ii
rl
II
t
I
I
I

In some instances leachate may "break out" of slopes down „ vadient from burial s ites .
In these cases an attempt should be made to obtain a sample of the leachate. •

iii
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TECHNICAL OPERATIONS MANUAL

GROUNDWATER SAMPLING PROTOCOL

7777-999-PMI 3 of __
1 1/7/84 Draft

Rob Palermo

The fol lowing sections are contained in this standard operating guidel ine:

A*l Object ive

8.1 Pre l iminary Sampl ing Checks

C.I F ie ld .Measurement s

D.I Purg ing Methods

F.I

G.I Decontaminat ion Of Sampl ing Equipment

H.I Equipment List

DomgSt1c. Barcad, Packer^ Mult i- level TyPA MonitoMnp Svstems
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GROUKOWATER SAMPLING PROTOCOL
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A.I Object ive

To establ ish and define appropriate field methods dealing with the acquis it ion of
groundwater samples at hazardous waste sites.

8.1 Pre l iminary Sampl ing Checks

^The fol lowing field checks should be performed prior to sample procurement: u

. ,B.I . I Cas inq InteqHtj, . Evaluate the 00
. Is the cas ing bent or

damaged? Identify and note the type of cas ing material used and cas ing
( 1 . * . . PVC. sta in less steel , etc . ) . °

Hi
«.i

B . I . 2 Well .Security - Is the well properly secured with a security cover and a lock.
Are there any dist ingu ish ing features on the well (I .e . number, tags, e t c * ) .

8 * 1 . 3 Ve 11 __In_format 1 on_ * Obta in whatever Information is avai lab le regarding well char-
acter i s t ics * Pumping rates, static water level, total depth, cas ing e levat ion ,
screened depth, well logs should all be obtained if and whenever pos s ib l e .

C.I Field Measurements

The fol lowing field measurement should be undertaken prior to sampling:

1

C. I . I Wel l Parameters - Establ i sh well casing diameter, static water level and depth
of the well * Oo not use i measuring device which employs large weights. If
this becomes necessary resulting from deeper measurements then adjustments wil l
have to be made for displacement of water which would otherwise Inval idate the
aeasurement. A minimum of 3 sample volumes must be removed, or the well should
be purged dry before a sample Is obtained for chemical Analyses* In either case
the amount of water removed from the well should be recorded. The well should
be allowed to completely recover before the sample Is taken. Then determine
purge volume based on the following formula:

iiii
*iI
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. 163 )3

where:

LO
in
COooo

V * calculated purge in gallons .

T - measured water column elevation or l inear thickness ofwater table (feet)

R • Inside well cas ing radius ( Inches )

. 163 » derived constant

3 • total volume mult ip l ier

C. I .2 Purge Methods - Establ i sh method of measuring purged discharge. A flow meter, a
graduated measuring device or a manometer to measure fluid pressure can be usedr to measure the required purge volume. For large discharge volumes a f'-ow meter
or manometer would be the preferred method.

C. I .3 pH/conductlvity/temperature - this Information should be recorded during well
evacuation. These measurements ire Indicators of the degree of groundwater
contamination. Measurements should be taken from a container or collection pail
collected specifically for that purpose. Measurements described herein should
never be taken front sample glassware.

C*1 .4 Srbundwater characterist ics - note the color, turbidity, and odor of the water.

C. I .5 Weather conditions - note ambient air- temperature and recent rainfall or droughtcccurrence(s).
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O.I Purging Methods

Determine the best method of evacuating the well .

D. i . l Portab le motor driven centrifugal pump - recommended for shal low wel l s ( l e s s
than 13 feet) where large purge volumes are required.

D . I , 2 Per i s ta l t i c pump * low discharge rate but 1s very portable. Recommended
sha l low wells only.

D . I . 3 Air or Inert Gas Pumps - low discharge rate and not very portable but is
recommended for deeper wel ls .

I
f-\jlii
fi• I

in
OD
Oo

. o
0 . 1 .4 PVC or sta in less Steel ba i lers - recommended for sha l low wells with low purge

volumes.

D. I .5 Electr ic submersible pump - recommended for deep wells where large purge volumes
are required. Discharge rate and water levels should be closely monitored. If
water level drops rapidly or discharge rate significantly decreases purping
should be stopped Immediately. This may be caused by the Intake screen being
blocked or poor well yield. Continued operation may cause damage to pump
mechanism*

E.I Sample Procurement - The water level should be recorded previous to sampl ing for
comparison with the static water level previous to purging the well.

E.I.I Bai ler Composit ion - A stainless steel bailer should be used to obtain the
sample. Two bailer volumes should be wasted before sample collection.

E* 1 .2 Sal 1 er Dccontamlnat.1 on - Bailer should be decontaminated or cleaned with a
water-misdble organic solvent (I.e. acetone, methanol. hexane) followed by a
thorough distilled water wesh. The bailer should then be wiped dry with paper
towels.

iii

ii
11
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E.I.3 Bailer Line - The line used to lower the bailer down Into the well should be
wasted after samples have been obtained* The composition of the material should
have low water absorbent properties ( I .e . nylon monofilament fishing line >60 Ib
test).

F.1 Municipal, Domestic. Barcad/Hult1-levcl_Type Monitoring Systems

F.I. I Domestic Well - allow cold water tap to run for three minutes* If possibles
collect sample before It enters a collection tank or condit ioning equipment^ If
this is not possible make note of what the exact conditions were. Note sampfe
location ( i .e . , basement, kitchen sink, etc.) .

.o
F . I .2 Munic ipa l Well - al low cold water tap to run for three minutes. Collect the

sample before it undergoes any treatment or filtration. Hake note of the
location from where the sample 1s taken.

F . I .3 Barcad/multi level type monitoring systems - sampl ing from this type of
apparatus requires special equipment and attachments ( I . e . * gas cylinders,
pressure gauges, high density polyethylene tubing, etc*) . Contact the
appropriate firm or equipment manufacture regarding specific sampling
requirements.

i

G.I Decontamination pf Sampling Equipment

G*l.l Equipment - Any equipment used 1n sampling and/or purging a well which is not
expendable and is to be reused must be properly decontaminated*

This Includes bailers, pumping hose, water level Indicators, water level
sounding equipment, pH. specific conductance meters, thermometers, etc....

G.I.2 Decontamination Solutions - A reagent grade methanol (CH.OH) or actftone
(CH COCHJ wash followed by a distilled water r1n$« wU1 sufficiently clean
equipment. If the bailer 1s grossly contaminated with petroleum products and
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oil residues other solvent, should be considered (i .e., „«.„.,;. 8efer toStandard Operating.Procedure on Glass-are Preparation and Equ< mentDecontamination. p *

Equipment. List

o sample glassware
o sample preservatives
o glassware for field duplicates and Meld blanks
0 monitoring well keys
o pipe wrench

propane torcho

ooin
COooo

o hammer
o tape measure (steel)
o water level indicator
o pocket calculator
o pump or pumps
o stainless steel, teflon or PVC
o nylon-monofllament line (for bail ing)
o decon solution (I.e. methanol and distil led water)
o measuring pall (for purging)
o thermometer
o pH meter
o conductivity meter
o field logbook
o camera, sample tags, chaln-of-custody forms, waterproof ink pen

1
IIflIII
r . _I
•I
II
iI
iI
(I
/I
»I
Iiiiii
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A.I Introduction

Soil samples are obtained to determine the physical and/or chemical property of soil
particles and assoicated interestitial materials. Selection of the optimum sampling
technique and equipment to be used for obtaining soil samples will depend on the field
conditions, amount of sample require and desired depth of sampling. In addition, the
sample purpose ( i .e . for physclal and/or chemical analysis) must also be cons idered.
Larger sample volumes may be required If both physical and chemical analysis are
performed or spl it samples are to be sent to dupl icate laborator ies .

O
Chemical analysis of soil samples provides Information on the exsistence and extentDof
contaminant migration. The adsorption and reactivity of contaminants with these .°
materials may also be establ ished. The analysis and physical characterizat ion should
ass ist in evaluating role soil types Influence the migrat ion pf contaminants.

It is important to determine, prior to sampling, whether the speciments are to be
treated as hazardous or environmental samples. This should be establ ished during the
prel iminary assesment and Initial site inspection. If there is any doubt as to the
toxicity of the sarnies they should always be treated as hazardous*

Samplers should never be forced Into an abruptly hard material* Do not puncture any
containment vessels . This may cause contaminants to leak, explos ions and/or unwarrent
eti exposure of the sampling team, the public and the environment to hazardous
aaterials. If such an object is encountered its location should be properly noted in
the lob book. Never smell or taste a sample to determine its chemical or physical
properties.

B.I Sampling Considerations

A. Sample depth
8, Sample quantity
C. Sample analysis
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C.I Sample Conta iners

The Jnost comjrton sample containers are 8-10 oz. wide mouth jars with tephlon l ined screw
caps. If hazardous materials are to be sampled the containers should consist of no
metal or reactive parts. Containers should be washed with detergent and rinsed with
organic free water. If Inorganic analysis are to be performed the final rinse should
be with dist i l led or deionized water. If any questions arise concerning the type andr\is ize of sample containers to be used, the laboratory performing the analys is shoi
consulted.

0.1 Soil Sampl ing Log

COooo
A complete log must be maintianed for all samples collected. It should contain a
detailed description of soils encountered during the sampl ing events * In addit ion, all
pertinent rather data should be recorded for each day or 1f the weather changes dur ing
the day. Data to be recorded should Include:

A. Horizon
6. Color uti l izing Monsell color notation
C. Texture uti l iz ing USDA or unified c lass if icat ion system
0. Density (standard penetration) or consistency
E« Odor
F. Relative moisture content
G. Weather

1* Temperature
2. Wind Speed
3; Precipitation

IIfi
• ?iiIIi
fi
EI
I
Ii
i
•,ii

H. A sketch of sample locations should be made In the tog book or included on the J.
site plan. " [I
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E.I Sample location

General sampling areas should be Identified 1n the work plan, however the exact
sampling locations and horizons should be left to the discretion of field personnel
performing the sampling procedures. Areas where evidence of spil ls and leaks have
occurred should be sampled. These sites may be defined by an Include:

A. Areas of stained or discolored soils
8. Anomalous areas of vegltatlon ^
C. Areas where site records or photographs Indicate "he poss ib i l i ty or pres£6fce

of a spi l l . ° •o
oD. Areas were overtopping of a dike or dikes 1s apparent

The total study area may be divided Into a grid system and a number of sample gr ids can
be randomly selected 1n an effort to characterize a site. In some studies it may be
permiss ible to mix soi ls from a number of grids creat ing a composit sample.

In Investigations attempting to establish a relationship between soils and a ground
water sample the soil sample should be taken as closely as possible to the locat ion
where the groundwater sample was obtained* If this Is not possible soi ls should be
taken directly up gradient or 1n drainage channels as close to the water sampl ing
location as possible.

In all Investigations, soil samples should be obtained off site and upgradient from
areas of contamination 1n an attempt to establish background Information.

F.I Surface and Shal low Subsurface Sampling Techniques and Equipment

F.I.I Stainless Steel SCOOPS. Hand Trowels and Shovels

These maybe used to sample from the surface to about six feet 1n tfepth. If a
compos1t sample 1* to be obtained 1t can be nixed In a shallow high density
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F- 1 .2 Slotted Sampling TH»r

Sample depth capabi l ity - 2 5 to 3,„ „
r . 1,3 Hand Auaer

stratigraphy.
F ' 1-4 Mollow Stem. Hand

F . 1 .5 Spl it

Sample depth capabil ity - 5 plus feet al
Inspection of an undisturbed soil sample.

F *K6 JJaaUrjvgn. Hollow Stem s^i»
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1 to 1/2 mtnes in diameter. M
soi l cohesion, structure and *iiiii,use dependent on soil types*

-. The it
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P- 1 .7 Bucket Auger

Sa.ple depth capabi l ity - 4 feet the

.8 Test Pits

ini
Sample depth capabi l ity - 5 to 10 feet pits are general ly dug with back ho
equipped with front end loaders. Samples are collected with a sta in less
trowel or shovel. Pits deeper than 5 feet should not be entered unless property
brased. Pits displaying slumps or cracks, in head wal ls should not be ente/eb.
fences should be erected around the perimeter for accident prevention. Pi t s
should be filled In as soon as poss ib le .

The advantages of these techniques are their low equipment and the rapid aquis i t ion of
samples. The disadvantags are that small sample volumes are generally col lected, which
are typically disturbed and may not be suitable for laboratory analysis . In addit ion,
these techniques are restricted to shallow depth and are very dependent on the rockcontent in soils.

1nclude the

c s m
 no"n depth> The

processes may be used to evaluate the site characteristics d.t.«
contamants and evaluate th, """
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6.1 . 1 Spl it Spoon

Used to obtain a sample 1 .75 to 2.5 inches in diameter up to 2.5 feet in
contlnous length. It Is advanced ahead of a boring into undisturbed so i l s *
Samples can be readily inspected and changes In lithology noted.

3. 1 .2 She1 by Tube

Tubes may be coated with lacquer or zinc chromate which may be transferee *tft a
sample, adversely affection chemical analysis. Samples should be removed from
tubes and placed In sample containers as soon as possible. If contaminating
from the .Instrument 1$ suspected 1/2 to 1 Inch of the outer surface should be
scraped off.

G. I ,3 Thin Wall Tube

Sampler is pressed or driven Into soils without rotation resulting in a nearly
undisturbed sample 1 .875 to 2 Inches In diameter, 2 to 3 feet long. The tube
must be allowed to remain In the boring for 10 to 15 minutes to allow build up
of skin friction prior to removal. The sampler Is then rotated to shear off the
soil beneath below and Is carefully removed. Disturbed soils from either end of
the tube should be removed and the sample logged. Samples obtained for votitile
halogenated organic analysis must be promptly removed from sample tubes. Other
samples may be sealed with 3 * 1/4 inch successive layer of liquid wax such as
Socony vacuum product 2300. Wax Is poured Into both.ends and each successive
layer allowed to dry. The remainder of space is filled with Ottawa sand or a
simillar product and capped with plastic caps. The tubes must be layered top
and bottom noting the depth range and sample location*

iiiiiiiIIi
^r^i
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C.I Sampl ing Locat ions r
Surface water sampling locations are selected on the basis of their probabi l ity for
showing contaminants migrating from a site. Prior to sampling the "Initial Site
Characterization" must establish $1te drainage patterns. Topographic maps, r iver bas in
studies and air photos may be used to establish and confirm ttiese evaluat ions.

Sample locations are chosen on the basis of those points most l ikely to be rece iv ing
runoff or leachate from known or suspected areas of contamination. These areas m$y-
include rivers, brooks or streams running through or adjacent to a site, including
those bodies of water which may receive surface runoff or leachate from a site, ff?oaddition, background samples upstream from a site should always be taken in order^
establ ish ambient water quality In an area. o

In some Instances leachate may "break out" of slopes down gradient from buria l s i tes .
In these cases an attempt should be made to obtain a sample of the leachate.

The number of sampling locations 1s dependent on many site character i st ics . The
"Initial Site Characterization" may estimate the number of samples locations however
the field team must always provide the final determination of exact locations and
required samples.

0*1 Field Measurements and Observations

A number of measurements and observations should be made in the field at the time of
sampling. Record this Information 1n the field log book with the appropriate sampl ing
point data to locate them on a site plan and return to the same location for future
sampling .If required.

The measurements and observations are critical for Interpretation of laboratory data.
The following 11st of measurements and observation represent a minimum requirement for

* : . . . . . . . . . . f . . _ . . .

surface water samples*

r
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A.I Introduction

Surface water samples are obtained to determine the quality of surface water entering,
leaving or affected by a site. These surface water bodies may Include streams, rivers,
lakes, ponds or Impoundments either located on site or in close proximately to a site.
Although surface water samples are generally diluted they may contain sufficient
quantities of contaminants to be considered hazardous samples. oo

The "Initial Site Characterization" should determine the contaminants expected to
present. This Is necessary so that proper sampling techniques, containers and opreservation 1s employed during the sampling process. In addition, specific safetyo
precautions may be required for.various contaminants.

Either grab or composite samples may be collected. Grab samples are collected at one
particular point and time. Flow- or time-weighted composite samples are composed of
more than one aliquot collected at various sampling sites and/or at different points
in time. Because of the unknown safety risks, as well as the changes in chemical
nature of the sample that may occur through compositing, samples containing hazardous
materials at significant concentrations shall not be composited. Environmental samples
containing low levels of toxics may be composited however, as described in the site
specific sampling and analytical plan*

Visual indicators Of high concentration Include coloration, turbidity, odor,
multiphasic layering and spontaneous formation of precipitates.

6.1 Containers

The chemical* constituents for which the samples will be analyzed dictates the type of
container, cleaning and preservation method used. This can be determined from previous
sample results or a review of site handling, storage and/or disposal records. The
enclosed table provides information concerning container type, duplicates, volume,
cleaning, preservation and maximum holding times for selected types of analysis.

r

I
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3. Turbidity.
4. Multiphasic layering.
5. Spontaneous formation of precipitates.

J, Stream Characteristics - fast running and mixing with leachate or slow moving
to stagnant.

K. Evidence of Dead Vegetation of Animals „.

Sampling Techniques COooMost samples are considered grab samples* however some variations may be made to
a vertical or horizontal composite sample- The container is immersed in the stream or
lake upside down. By tipping the container, water Is allowed to displace the air. If
the container is raise and lowered, or moved to one side or to the other as it is being
righted, a composite of that section will be taken. In addition, care should be taken
not to collect any surface scum as the container is lowered into the water. Following
are some tips which may result in more representative samples being obtained.

A. The most representative sample from a well mixed stream is obtained from
mid-channel it 0.6 total depth.

B* Zones of varying degrees of contamination may exist In areas of stagnation.
The concentrations may be dependent on the physical/chemical properties of the
contaminant.

C. Sample containers should be rinsed with water from the area to be sampled even
though they have been cleaned In the laboratory.

0. When sampling fast running streams It Is suggested to start at the farthest
point downstream and work upstream. This will result In collecting increasing**levels of contaminants and less sediment In samples from stream bed agitation.

r
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A. Sample location, identification number, date and time

B. Water temperature at the point and time of sampling

C. pH of water sampled - do not immerse indicator paper of electrodes in samples
to be sent to the laboratory. Either duplicate samples may be obtained for
field measurements or 1n-s1tu measurements may be taken 1f the appropr iate
equipment or sampl ing condition is present. ^

D. Di s so lved oxygen content of water sample

E. Depth of stream or pond-average and-at sample point

F. Velocity of stream est imated from a floating object

G. Flow rate of stream. The cross sectional area (A) may be estimated as a
triangle with its width (w) and depth at its deepest point ( d ) .

A - 1/2 wd

The cross sectional area may then be multiplied by the velocity to derive arough flow rate.

H. Weather Conditions

1. Air temperature.
2. Sky condition.
3. Recent precipitation or drought.

I. Observable Physical Characteristics
rfI* Odor.

2. Color.

Iii
i

I

I

I

I
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E. Samples should not be agitated, especial ly if volatile analysis are to be
performed,

G. When obtain ing 40 ml samples for volati les take care to exclude air bubbles
from the sample.

CM
r-co

F.I Sample Equipment

The sample container wil l general ly serve as the sampl ing device, however, in some
Instances special sampl ing equipment 1s required. When a sampl ing device is used ^
should be cleaned ut i l iz ing the same methods as are employed when c lean ing sample O
containers. The fol lowing list contains suggestd equipment to be ava i lab le to the°
field team for use during surface water sampl ing.

A.
B.
C.
D.
E.
F.
H.
I.

>ropr iate sample containers,
Sample preservative.
Cooler with 1ce.
Fie ld blanks,
Telescoping aluminum pole with clamp and teflon beaker
Thermometer
Field log book
Camera and film
Sample tags, chain of custody forms, receipt for sample forms and waterproof
pen.

Proper preparation, sampling and preservation techniques must be followed to attain
maximum efficiency 1n sampling operations. Potential sample locations should be
predetermined 1n an effort to minimize lost time by the field team. Finally, the
health and safety plan must be complied with to minimize the risk to the field team.

i
I

i

i
iiiiiiii
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A,l Object ive

Sedlinent samples are obtained to determine the chemical and/or physical nature of
sediments and associated Interstitial materials. Interpretation of the resulting data
may establ ish the relationship between the sediments, surface water and groundwater.
The type of sampling device, preservation technique and transport container to be used
1s dependent on the analyses to be performed on the sample.

B.I Introduction r-ooo
Sediment sampling 1s a valuable tool for locating the presence of low water solubffity
and/or high sediment binding affinity contaminants. Pollutants with high binding
affinit ies may be transported on suspended sediment particles and deposited some
distance from Its source. Contaminants with low water solubi l ity are more l ikely to be
deposited closer to a source. Heavy metals and high molecular weight halogenated
organlcs are examples of compounds which may be present 1n very different
concentrat ions 1n sediments than 1n the water column.

I
<f,I
« ,1
•'*I1
I
»II

Geohydrologlc cons iderat ion should be given to the re lat ionsh ip between the contaminant
source and presence in the sediments. Factor Inc luding the influent or effluent nature
of a stream and whether the surface water or groundwater Is the source of contaminat ion
must be examined.

Several samples must be obtained from areas of expected contamination. Areas to be
sampled may be separated Into grids and samples obtained from each grid or randomly
Selected to characterize the sediments.

In addition; upstream samples should be obtained to determine the ambient water* and
sediment quality. All efforts must be taken to minimize the effects of dilution and
toss of materials as the sample Is moved through the water column.
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sediment sampl ing is done from a boat OP other floatation device particular
precautions must be taken to Insure the safety of those involved. A minimum of two
Individuals should undertake the sampling and a third party sgould remain on shore in
visual contact with the operation. The Individuals doing the sampling must wear l ife
preservers in addition to any other level of protection prescribed by the health and
safety coordinator.

in
cc

C.I Samp.le Containers

The most common sample containers are 8-10 oz. wide mouth jars with teflon lined
caps. If hazardous materials are to be sampled the countainers should cons ist of <wi
^inetal or reactive parts. Conta iners should be washed with detergent and rinsed witn
organic free water. If Inorganic analysis are to be performed the final rinse should
be with distilled or deionized water. If any questions arise concerning the type and
size of sample containers to be used, the laboratory performing the analysis should be
consulted*

D.i Sampl ing equipment and Techniques

A number of field measurements and analyses must be conducted and their results
recorded In the field log book. This Information must Include the sample
identification number, location (with tie lines 1f possible)* depth, horizon,
temperature and pH at the sediment-wattr Interface, sample setting (fast running or
stagnant water) and sample description. The site Plan of Operations may call for
additional measurements to supplement this Information.

In the following sections, sediment samplers and their uses are described.

0-1.1 Sample Centa1n.tr

In the simplest situations the sample container may be used to scoop or scrape a
sediment sample from snail streams or near shore. Care should be taken to provid* a
clean surface for the cap to contact the Jar.
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0.1.2 Dip Sampler

A dtp sampler consists of a pole to which a Jar or scoop 1$ attached. The pole may be
made of bamboo, wood or aluminum and be either telescoping or of fixed length. The
scoop or Jar at the end of the pole 1s usually attached using a clamp.

The dip sampler 1s operated by submerging the jar or scoop and pull ing it through the
sediments to be sampled,, The samples retrieved are then transferred into the (--
appropriate sample cntainer by decanting liquid phase and retaining the sediments.00

Oo
OD.I .3 Hand Operated Core Samplers

Hand operated sediment core samplers are used to obtain sediment samples in shal low
water (<3 ft). These samplers operate In a manner similar to that described for soil
core samplers. However because of the saturated conditions of sediments, provisions
must be provided so that the sample is retained within the core. Core samplers are
generally constructed of an outer rigid metal tube Into which a 2 inch ID plast i c core
sleeve fits with minimal clearance. The cutting edge of the core sampler has a
recessed lip on which the plastic sleeve rests and which accomodates a plastic nest.
This nest 1s oriented such that when the sampler Is pressed Into the sediment, the core
1s free to move past the nest. Due to construction of the nest, the core will not fall
through the nest upon removal of the sampler from the sediment*

When the sampler Is removed from the sediment, the plastic sleeve is removed sealed and
labeled* Core sleeves should be sealed by packing ends with clean sand and placing
plastic caps secured with friction tape over ends* Care should be taken in handling
samples and the orientation of the sample core shall be Indicated on the sleeve*

Because core sleeves and nests are generally made of plastic, special provisions should
be made 1f samples are to be tested for chlorinated organic*. f
The land operated core sampler will not be useful for obtaining samples of gravelly,
stoney or consolidated sediments. - - _ ,

III
I

I
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0. 1 .4 Gravity Core Samplers

Gravity core samplers are used to obtain sediment samples In water bodies or lagoons
with depths of greater than 3 to S feet. These types of samplers can be used for
collecting 1 to 2 foot cores with a 2 Inch 10, of surface sediments at depths of up to
100 feet beneath the water surface*

As with all core type samplers, they are not suitable for obtain ing samples of coarse -
gravel ly, stoney, or consolidated deposits. They are, however, useful for fine opined
inorganic and organic sediment sampl ing. O

O
The gravity core sampler operates 1n a manner s imi lar to the hand operated core in that
a plast ic sleeve of 2 Inch ID fits within a metal core housing fitted with a cutt ing
edge. Plastic nests are used tor etaln the core within the plastic sleeve. An opening
exists above the core sleeve to al low free flow of water Into and through the core as
it moves vertically downward to the sediment. The sampler has a messenger-act ivated
valve assembly which seals the opening above the plastic sleeve followign sediment
.penetration. This valve 1s activated by the messenger creating a part ia l vacuum to
.assist 1n sample retention during retrieval.

Samples are obtained by allowing the sampler which 1s attached to approximately 100
feet of aircraft cable to drop to the benthic deposits. The weight of the sampler
drives to core Into the sediment to vary depths depending on the characterist ics of the
sediments. The messenger Is then dropped on tha taut aircraft cable to seal the
opening above the plastic sleeve. The sampler 1s then carefully retrieved.
*

Upon retrieval of the sampler, the plastic core sleeve Is removed and void spaces at
either end packed with clear sand. The sample 1s then sealed with plastic caps
attached using friction tape. Care should be exercized in labeling In order to
properly identify sample orientation.
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0. 1 *5 Dredges

Dredges are generally used to sample sediments which cannot easily be obtained using
coring devices or when large quantities of materials are required. Various dredge
designs are available for sampling 1n deep or turbulent waters and for obtain ing
samples from gravelly, stoney or dense deposits.

Dredges generally consist of a dam shell arrangement of two buckets. The
either close upon Impact or be activated by use of a messenger. 00
Dredges are commonly quite heavy and therefore require use of a winch and crane o
assembly for sample retrieval. . O

Upon retrieval of the dredge, the sample can either be sieved or transf«red direct ly to
a sample container for label ing and storage.

Dredge types which could be used for sampl ing Include Ponar, Petersen and Ekman
dredges.

ll>I
VIi
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The following sections are contained 1n this standard operating guideline:

A.I General

8.1 Locating the Well

C.I Mater ia l s Used 1n Well Construction

D.I Desjgn of the Wel l

E.I Well Types

Techn i u e s

V»lj_ Installation

H.I Develop ing the Well

CO
O
O
O

1 *1 Other Cons iderat ions
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A.I General

Groundwater monitoring systems should be selected based upon specific study objectives.
The type, arrangement, and configuration of the monitoring well-network should address
the specific requirement of the project. Vertical and horizontal extent of contamina-
tion, aquifer characterist ics, rate, magnitude, and direction of contaminated flow,
movement of various pollutants within the aquifer or aquifers, are some of the usual
hydrogeological factors taken Into consideration when planning a water quality —
monitoring program. QQ

O
It 1s essential that the monitoring program be well thought out and planned by a °
competent hydrogeologist so that the desired results are obtained. -There are several
factors which must be taken 1n mind, such as, siting of the wells, materials used, well
design, well development, various dri l l ing techniques, etc. Some of these factors wi l l
be determined by and dependent upon the information which you are attempting to secure.
For example, It may be determined that a 6" well would be more appropriate than a 4"
well because 1t would better define the boundary conditions of a high yield aquifer,
yet, most disposal sites are underlain by low yield aquifers. Also, a 6" well might
serve a dual purpose for both monitoring and contaminant removal acting also as a
barrier well at some later point 1n time 1f properly located.

The objective of this guideline 1s to define a general technical approach in the
selection and design of a groundwater monitoring system and to spell out what
constitutes a well planned monitoring program. The emphasis of this documentation
concerns Itself with the monitoring of hazardous wastes on or at potential hazardous
waste sites.

A.1.1 Legal and Regulatory Considerations

The selected groundwater monitoring program should be 1n agreement with existing state
and federal requirements. Hell specifications and construction procedures should
comply with all existing regulatory requirements. 1^.

I

It.I
II
I1
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I
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Also, the municipality's Department of Public Works and all appropriate utility
companies should be consulted In an attempt to locate burled pipe lines, sewers, and
power cables etc., located in the vicinity of the drilling.

Permission should be obtained, preferably In writting from all property owners before
any wells are located on or around the periphery of the site.

B.I Locating the Well CO
00
O

Before any wells can be sited a preliminary hydrogeologic review should be conducted
Exist ing data regarding the geology of the site, topography and other surfidal °
features should be investigated* An exhaustive background Information search should be

- undertaken In an attempt to secure all site specific Information. Sampling data,L geological reports, engineering reports, geophysical studies should all be obtained and
r reviewed prior to well Siting since this Information will assist In positioning the
- wells. The hydraulic gradient, saturated thickness, depth to bedrock, confining soil
-. layers are some of the parameters which will determine well location and depth. If
- groundwater gradient data 1s not already available for the area In question, it may
. prove necessary to Install piezometers to monitor flow direction.

The screened depth of the well provides Information not only on the vertical distri-
bution of heads but also Information relative to the vertical distribution of contami-

, nants In the well. In general wells drilled and Isolated 1n bedrock should be set at
least 20 feet Into bedrock* Should deeper weather bedrock zones be identified by
geophysical Investigations then the well should advance to deeper levels. In the
overburden materials the screened depth of the well will be determined by evaluating
the specific levels In the saturated xonft for which that contaminant would be found.
for exajiiple, compounds lighter than water (such as hydrocarbons) will be found at the
top of the saturated zone while compounds with specific gravities heavier than water
Migrate vertically through the saturated {one.
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The vertical positioning of the well screen Is critical If the groundwater quality is
to be accurately quantified. Grounduater quality within the saturated zone will vary
due to the stratification of the contaminant water, variations 1n permeability, and
confining clay or silt deposits acting to redirect or divert flow. If the vertical
distribution of hydraulic heads and the concentrations of constituents present are
desired, a multl level monitoring system Is recormended.

CM
The geographic locations of the wells are determined by study objectives. For example,
the study area might encompass a large watershed boundary or on the other hano, t&y be
•ore localized and confined to a specific landfill site.

o
C.I Materials Used 1n Well Construction

Well casings are specified by diameter, type of casing, and nominal thickness of the
pipe. The thickness of the pipe Is determined by the appropriate schedule, for most
groundwater monitoring system PVC, schedule 40 or 80 1s used.

Stainless or galvanized steel casing wall thickness Is specified by pipe wall gauge
thickness* Usually standard strength Is adequate for most groundwater monitoring.
Pipe distributors generally carry only one wall thickness. As a general rule, the
wider the casing diameter the thicker the casing needs to be to prevent deformation of
the pipe.

i
!

The type of construction material used depends upon the selected drilling method,
icontamination present, and water quality and depth. Well materials can contribute to

as ouch as 32X of the drilling program costs If stainless steel 1s used and
approximately 121 If PVC ts used. Commonly used materials are PVC, galvanized steel,
stainless steel and teflon, of these the two most widely used are PVC and steel.
Teflon 1s the more preferred casing material but It 1s very expensive and cost
approximately 3 times that of stainless steel. Thus the choice of the welj material
does have a significant cost Impact.

iin
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Cost alone should not preclude the use of * certain material. The final ruling should
be determined by the conditions governing selection of the pipe. For example, metal
pipes will corrode and release metal Ions or chemically react with the organic
contaminants. Inorganic analysis of this well water might reveal elevated levels of
cadmium and Zinc and Inversely organic analysis revealing lower than actual levels.
PVC IS believed to react with ketones, arooiatlcs, and alkyl sulfides yet has many
advantages since 1t Is readily avai lable 1n all sizes. Is light weight, low cost, ^
easily handled, and when schedule 80 1s used has a good crushing strength. It is °°
recoffsnended that whenever PVC is used the pipe joints should be threaded, no glue or
adhesive* should ever be used to join the pipe sections. o

o
D.I Design of the Well

0.1.1 Casing and Borehole Diameter

For groundwater monitoring usually 2" or 4" diameter wells are Installed. An important
consideration 1n selecting the right well diameter is the size of the equipment the
well will have to accommodate. When the depth to water exceeds 25 feet the use of a
electric submersible pu»p to purge the well would probably be used. The smallest
commercial pump of this kind on the market requires at least a 2" Inside well diameter
to accommodate the lowering of the submersible, yet, 1f the casing 1s too large, purge
voluacs will be overly excessive*

Two or four inch diameter wells reduce the volume of stagnent water 1n the water column
which reduce costs and the water table stabilizes more readily, while providing good
representatives samples from the aquifer.

A bench mark should be established and the elevation of each well casing surveyed to an
accuracy of 0.01 of a foot*

0.1.2 Casing, Screen Dimensions and Materials f . . .

The purpose of tht well screen 1s to allow water to enter the well without permiting
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the Intrusion of large amounts of sediments. The selected slot size of the screen is
determined by evaluating the grain size of the formation and filter packing material,
For most applications a 0.010 inch slot size with a gravel pack for a fine grained
unconsolidated formation is recommended. The screen should not p&ss more than 5-10
percent of the surrounding pack or 1n-s1tu materials. The filter pack will minimize
the entry of the finer grained soils into the well and subsequently allow the use of
larger screen slot sizes thereby increasing the water collection ability through tjie
screen. The filter packing media should be composed of an Inert material ( i .e. , 69/40
Ottawa sand) and should extend above the screen elevation at a distance of at lea£? 10opercent cf the screen length. This will help prevent the settling of overyling annular
fill material Into the filter packing. Packing emplacement Is a del icate procedu*$ and
consideration should be given to prevent bridging of the material in the annulus.. When
possible the filter packing material should be deposited by the use of a tremle pipe
with water to help drive the material through the pipe outlet.

0.1 .3 Dril l ing Muds

Bentonit* or other clay drill ing'muds should not be used when constructing a well for
which metal analysis will be performed on because clays have the capacity to adsorb
heavy metal ions. Also, organic polymer drilling muds should not be used for
installing wells from which samples will be collected for organic analyses or for the
identification of micro-organisms since they add significant amounts of organic
materials to the aquifer. Drilling techniques which do not utilize drilling muds
(I .e. . hollow stem augering or air rotary) should be used whenever possible.

D.I .4 Annular Backfi l l ing

The annular space above the filter pack and seal is usually grouted with a bentonlte,
bentonite/cenent or cement grout with a shrinkage reducer. The purpose of the grouting
is to prevent vertical movement of water into the groundwater Intake zone and to help
stabilize the well casing. The diameter of the hole into which the casing is placed
must be at least large enough to accommodate the casing plus the placement of a grout
seal around the outside. Backfill should be placed in the annulus so that a minimum of

IIIIIIIIII,IIII11
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1*2" of material exist between the casing and the natural formation material. For
overburden wells the annular cavity between the casing and borehole should be
backfilled with a 60/40 Ottowa Sand or equal and to an elevation of approximately 1
foot above the top of the screen followed by a 2 foot Bentonite pellet seal. For wells
drilled Into rock a ten foot Injected Bentonite slurry seal (3 : 1 Bentonite to cement)
should be used to seal the well.

CO
D. I .5 Grout ing Techniques

Several chemical reactions can occur between the grout and the groundwater.
based grouts typically leach calcium, hydroxides, carbonates and bicarbonate*. TQse
reactions can Include leaching of the grout and a resulting alteration of the groffld-
water and/or reaction with the groundwater and the grout that can result in an alter-
ation of the physical properties of the grout.

Bentonite pellets formed Into balls can be droped Into the annular cavity. These
pellets are easy to use and require no mixing or tremielng Into posit ion. The material
Is Inserted Into the well dry and swells to approximately 12 times its original size
but this method Is only userful when the well depth Is shallow with a wide annulus.

Bentonite slurry Is another method where powdered bentonite 1s mixed with water and
pumped Into the annulus In the form of a slurry* The slurry 1s emplaced by using a
tremle pipe which Is lowered to the desired elevation. No swelling occurs since
conditioning takes place at the ground surface. A problem exists with the slurry in
that the seal which 1s provided by the slurry has little appreciable strength.

Cement grout can also be mixed at the surface and placed Into the borehole by the use
of a tremle pipe. Seals comprised of cements are typically strong and exhibit moderate
permeability. Bonding between the cement and the borehole Is excellent* The preferred
nixing ratio is about 5*6 gallons of water to a 94 pound pack of cement. Several
types of cements should be considered based upon the groundwater characteristic and the
expected results. Cements types range from standard to special sulfate resistant,
rapid hardening and crack resistant. ,
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A Cement/Bentonlte slurry mix requires approximately 6 percent sodium bentonite by k
weight hydrated at the surface for about one hour. It Is then mixed with about 20 *
percent cement by weight and can then be pumped by a tremie pipe into the borehole.
This technique provides excellent formation bondi'ng, developes a strong compressive
strength, reduces the likelihood of cracking and Is moderately permeable. The inherent
disadvantage is of course the leaching of the cement in the slurry but it is •
considerably less than with pure cement grout. ri£,1 Wel l Types °°

CO° i£ .1.1 Single Interval - wells are screened at a specific vertical interval.
relatively simple to install and inexpensive but will only provide water quality Sata ^
on the zone or level in the aquifer that It 1s placed. B

£ . 1«2 Telescoping Wel l s - are used to penetrate deeper water bearing zones which •
require that the overlying zone be sealed off in order to prevent cross-contamination /
from the upper zone Into the lower zone. This requires that a large borehole be ft
drilled to accommodate lowering of the casings. The procedure 1s as follows: a large *
diameter hole 1s bored, a casing with an outside diameter of 2 to 4 Inches less than m
the diameter of the hole Is centered and set into the grout to provide an effective ™
bottom seal. A bentonite or cement or bentonlte/cement grout 1s then placed in the ^
annul us space to the ground surface. Once the grout has set, the borehole 1s advanced |
to the desired depth by drilling or coring Inside the installed casing with a bit '
smaller In diameter than the casing. •

E. I ,3 Cluster Wells - are a combination of single Interval or telescoping wells which ft
are Installed 1n close proximity to one another but screened at various depths. This •
allows sampling and monitoring of the aqulfer(s) at various levels within the same
aquifer or fro* an underlying aquifer separated by a confining layer.

E.I .4 Nested Wells - consist of several wtU casings Installed within a single
borehole. The problem with nesting wells is that the likelihood of cross-contamination '
is high even though attempts are made to seal the well above and below the screen.

II
i

000886



TECHNICAL OPERATIONS MANUAL

MONITORING WELL INSTALLATION

7777-999-PMI n of ^m
1 1/7/84 Draft

Rob Palermo

OH 1 1 1 ng Techniques

F.J. I Hash Boring - Involves advancing the steel casing by driving and washing out the
formation material. The casing 1$ hammered Into the ground (usually by a drive weight)
and the soils are washed out of the casing by water which Is pumped Into the well.
Chopping bits are utilized to loosen the soils prior to washing. This method does not
require the use of drill ing muds and 1s recommended when loosely packed glacial
deposits ( I .e . , sand, s1 lts c clays) are encountered. Since the water return Is
carried to the surface the potential for volatil ization of the organic constituent?^

00the groundwater and cuttings at the breathing zone may constitute an inhalat ion hazard
Also, 1t may prove necessary to employ splash protection clothing depending upon t^
extent and degree of contam1f>at1on. O

F. I .2 Augerlnq

Hollo* stem or solid flight helical augers are advanced hydraullcatly through the
unconsolIdated deposits. This method 1s fast, does not use drill ing fluids and can be
used in saturated or unsaturated soils. Usually the auger sections are about 5 feet
long and are joined together by a key and bolt. A removable plug attached to an equal
length of rod goes down with the auger to prevent soil from moving Into the auger
casing. When the augers reach a saturated thickness In sands, water 1s then poured
Into the auger easing before the plug 1s removed to prevent the formation material from
being washed Into the casing.

F.I .3 Hydraulic Rotary Dri l l ing

The borehole 1$ excavated by the rotation of a drag or roller bit and by circulation of
a drilling fluid to the bottom Of the borehole to retrieve drilled cuttings. The drill
bit Is attached to a drill stea and rotated at the ground surface as a drilling mud 1s
circulated down the drill stem and out the bit then up the annular cavity between the
borehole and the drill stem. Usually, a mud pit or tank are used to collect the*•settled cuttings. It nay prove necessary to use easing to keep the borehole from
collapsing in Icose formation materials but in most cases a well casing Is not employed
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during dril l ing. The dril l ing fluid used can be clear water, a water bentonite mixture
or s water mixed with a biodegradable organic "mud".

This method allows drilling Into all formations at any depth without a casing being
required and 1s relatively Inexpensive. Some Inherent drawbacks include problems
associated with the removal of the drilling muds from the borehole and with their
ability to adsorb metals and to Interfere with the analyses of other sampl ing
meters ( i .e . . bacterial analyses and organic analyses). This method also tends
circulate contaminants. The same health and safety considerations as discussed iflP
section F.I.I for Wash Borings should also be applied here for this method ( i . e .5
quality monitoring, splash protection, etc.),

Iigii

F . 1 .4 Air Rotary

This method is very similar in operation to the hydraulic method except that air is
directed down the drill pipe and returns the cuttings up the annular cavity. The major
advantage of air rotary drill ing Is that e dril l ing mud need not be used; therefore,
contamination, dilution or adsorbtlon of the formation water is not a concern. Air
rotary rigs are readily available at most locations and operate best in hard rock
formations. Casing 1s required to maintain the borehole In soft collapsing formations
below the water table.

F.I .5 Jetting

Jetting consists of pumping water or a drill ing mud down through a samll diameter pipe.
The pipe Is usuually fitted with a chisel bit or jetting screen. The formation
material 1$ removed by both the bit and jetting action of the water under pressure.
Cuttings are removed from the borehole by return flow of the drilling fluid. The
disadvantages of this method are tfat large quantities of water are often used . Also ,fjetting Is only possible 1n very soft formations. Also, a considerable amount of
jetted water is Introduced Into the formation to be sampled.

ititiii
[ftHi
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6.1 Mell Installation

6.1 * 1 Subsurface Son Sampling

As the drilling proceeds and casing 1s advanced Into the borehole, subsequently, the
surrounding soils become disturbed* • In order to obtain accurate representation of the
soil aaterlals at a specific depth an 1n-s1tu soil fraction should be obtained.

G.I . 2 Spl it Spoon Samples
O"oĉ
O

Split spoon samples are t-ken at predetermined depths or at every change in strata?
Samplers come In various lengths and barrel diameters. The relationship between .the
hammer driving weight, drop length and blow counts required to advance the splU spoon
6 Inches (1n 6-1nch Increments) 1s a function of the density or consistency of the
soils. For most applications a 24 Inch long, 2 Inch outside barrel diameter sampler
with a 140 pound drive weight falling 30 Inches until either 18 Inches have been
penetrated or 100 blows have been applied will be used. The sampler should be fittedjwith a retaining device to prevent loss o* saturated non-cohesive samples obtained
within the saturated zone.

The sampler must be checked and cleaned before each sample 1i secured. The cleaning
process consist of rinsing the entire sampler with drinking quality water then with
methanol, and a final rinse again with water.

Specimens obtained should be preserved 1n a wide mouth, 8*10 ounce, air tight, glass
jar. The Jars should be tightly capped (and wrapped 1n aluminum foil If clays or
silts) to. preserve the original moisture content* The jars should then be boxed,
••rked, and Identified with legible labels as directed by the CON field supervisor.
Labeling should Include the stapling date, well location number, sample number, depth
it which the sample was taken, nature of material , blow counts and other comments.
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Upon opening the split spoon the soil sample should be Immediately screened using a
Century Organic Vapor Analyzer (OVA-Model 128). The Instrument 1n the survey mode
measures total organic vapors. One 44 ml septum sealed vial wil l be partially filled
with soil for OVA headspace analysis. Injection of headsapce vapors (gas chromato-
graphy) will be made with a gas tight syringe onto OVA G-24 column. If the Initial
survey reading Indicates an elevated reading, a chromatrogram will be obtained and
recorded on a strip chart recorder. Headspace analysis will be performed on split
spooned samples and dri l l ing wash water during the entire length of the dr i l l i ng o
program. O*^

CO
OSpecific procedures are outlined as follows: o

p(1) Before the first blow Is applied check to see If the sampler is below the
depth of the casing.

(2) With the sampler positioned at the bottom of the hole, drive the sampler with
a 140-lb hamster fall ing 30 Inches until either 18 inches have been penetrated
or 100 blows have been delivered.

(3) Blows per 6 inch of penetration wil l be recorded and are defined as fol lows:

1st 6" Is defined as the seating drive
2nd * 3rd 6" defined as the peneratlon resistance * N

If the sampler is driven less than 18 Inches then N is determined by using the
1st foot of penetration. If less than 1 foot Is penetrated, the logs shall
note the number of blows and the fraction of 1 foot penetrated.

(4) Open the sampler and perform initial OVA screening as described previously in
section G.I.2. Describe the soil according to the Burmlnster Soil
Classification Method section 6. 1 .3 , a copy of which 1s attached and follows
this page. The soil composition, structure, consistency, color, and condition
should all be recorded. For wells which are suspected to be contaminated

iiiiiiiiii
Fii
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protective clothing, gloves, footware and appropriate respirators should be
worn. Refer specifically to the Health and Safety plan which has been
developed for that project*

Collect the sample using either a stainless steel scoop or trowel 1r» a 8-10
ounce, air tight, glass jar. If a Headspace sample 1s determined necessary a
44 ml vial should alo be collected at this time*

G. I .3 Soil Clas s i f i ca t i on System
COoSoil sampling Identification wil l be done using the Burmister Soil Class i f i cat ion o

System. Class ifying soils uniformly and consistency 1s essential to the analysis-o^
ajl engineering problems deal ing with earth materials. Valuable hydrologlc information
can be derived from this classification, such as, soil porosity, permeability, trans-
mlsslvlty, vertical extent of deposits, etc. This Information can be Instrumental in
evaluating the movement of contaminants through the saturated and unsaturated zones.

Soi ls will be described in the field based on visual Inspection and by performing some
simple tests. Soil classifying Systems can be overly detailed and cumbersome and in
some cases due to their complexity can produce non-uniform and Inconsistent results.

I. Interpretation and Description

1.. Soil types • gravel, sand, silt and clay. Most soils contain a mixture of the
above with partly decomposed organic material.

2. Soil texture * coarse and fine grained soils can be Identified by eye while
the finer grained particles require simple testing.

3. Soil properties * coarse grained soils are mineral fragments that may be
Identified primarily on the basis of particle size, sand and gratfel. Finer
grained soils ire clays and silts. Silts being the coarses portion of
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microscropic soils, and possesses little or no plasticity or cohesion, days
^M.?9"™ °f m1er°SCOp1C and «"»1ero,eop1c flake-shaped crystall ineAerials. They are plastic, cohesive, and readily adsorbent.

H. Bur-mi ster Method

A. Sand and Gravels (estimates by eye)

I. Major Constituent and Minor Percent
and (a . ) 35-50%
some ( s . ) 20-35%
little ( 1 . ) 10-201
trace ( t . ) 1-10%

<M
O
COooo

B.

2. Key word Is ESTIMATE

Silts and Clays (estimate using tests)
1. DRY STRENGTH (dried on hood on in the sun)
2. OILATANCY or SHAKE TEST (looks at the permeability of fines)
3. TOUGHNESS (plasticity at tow water content)
4. USE ALL OF THESE TESTS TO ESTIMATE THE SILT/CLAY FRACTIONS

C. Description
1. Color, grain size range, consistency as adjectives proceeding the major and

minor components.

2. Plasticity, mlnerology, structure follow the main description.

3* Geologic origin/History: fill, till, outwash, peat, etc* are placed after and
separated from the main description,

*f
4, Highly heterogeneous soils (varved clay) require tpecial attention.

f

iiiiii
iii
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5. Closer designations can be done using PLUS/MINUS

iii

Typical Name

Sandy silt
Silt
Clayey silt
Sandy clay
Silty clay
Clay
Organic $11t
Organic clay

Dry Strength

None to very low
Very low to low
Low to medium
Low to high
Medium to high
High to very high
Low to medium
Medium to very high

DilatancyReaction

Rapid
Rapid
Rapid to slow
Slow to none
Slow to none
None
Slow
None

Toughness ofPlastic Thread

Ueak to friableroWeak to friable
Medium ^
Medium O
Medium °0Tough
Weak to friable
Touqh

S1HS. dry sand and gravel;;:;;;:e/piastic

o,

BLOW cotmr
0*4
4-10

10-30
30-50
>50

GENERAL NOTES

i§ detenn1ned frflm

CONSISTENCY

wry loose
loose
ntdlun
dense

dense
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Clay/silt ranges will normally be between CLAY & SILT to Clayey SILT (paper clip to
pencil diam. threads).

Silt that feel "gritty" during Ollatancy Tests probably contain fine sands.

BURMISTER SOIL CLASSIFICATION SYSTEM

Basic System ^
COThe Burmister Classification System Is Intended only to describe the gradation ^

characteristics and plasticity of the so i l„ O
O

The first step 1s to estimate the major constituent of the material and the relat ive
percentages of the lesser soil fractions as broken down 1n Table I. Note that, in the
description, the major constituent (or constituents when using "and") Is written
entirely in capitals, while with the minor fractions, only the first letter is
capitalized. The relative percentages of the lesser sizes are described by "and,"
"some/ "little," and "trace," as described on Table I*

In this system, it Is recognized that It Is impossible to determine the gradation of
the fines passing the No. 200 sieve. Thus, no attempt is made to express the relative
percentages of clay and silt sizes in the fines. Rather, the philosophy 1s merely to
estimate the plasticity of the fines and express this in the descriptions shown on
Table II. Thus, the description "sllty clay" does not mean 70X clay sizes and 30% silt
sizes, but means that the fines have a plasticity Index of between 20 and 40.

Of greater .Importance than the plasticity of the fines Is the overall plasticity of the
soil. This-should be mentioned, when necessary, at the end of the gradation descrip-
tion, using the adjectives to define the "Degree of Overall Plasticity" listed on Table
II. Note that a soil described as "sand and silt" cannot have any overall plasticity
since silt alone is nonplastic. Thus, if the overall soil has some plasticity, the
soil description must contain the word "clay* (or cl.iyey").

II
#""I
1Iaiii
ii
i
— m

1
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Refinements in the Basic System

(1) I. addition to the gradation and plasticity characteristics, the description
shoul indude pertinent adjectives to further define the material.
-Wetim describing consistency color, and grain size r shouldSOU component name.

Example:

_
further details, such as plastic^,

, etc.. should follow the win body of the IdentlflcatloT]
in
o
00ooMedium-dense, red-brown, fine to coarse SAND, little fine Gravel, l ittle Clayey

Si lt . Slight overall plasticity, gravel waterworn, sand subangular. .o

(2) The Surmlnster Identification System 1s only « means to describe the soil — that
1s, Its characteristics -- such as consistency, color, size, plasticity,
structure, etc. Often, It 1$ Important to classify the soil 1n terms of geologic
origin and history, such as Fil l , Glacial Til l , Peat, Outwash, etc. When needed,
these terns should be placed after and separate from the main body of thedescription.

gxajnplje:

6ray, coarse to fine SAND, some fine Gravel, little Sllty Clay. Slight overall
plasticity. TILL.

(3) The Bunnlster System 1s Intended only to describe uniform soils. When descr ib ing
a heterogeneous material, such as varved clay, the different layers should be
Identified and describe*? separately, with reference made to the relative
percentages of each constituent.

*
Soft, brown CLAY and SILT, alternately layered I»~H.,,. ** u^i. ,, , ,jr ojrerea, meolun to high overall plasticity.
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Layers: CLAY layers, 3/8" to 5/8" thick, comprise 601* of sample* SILT layers,
1/8" to 3/8" thick, comprise 40t* of sample. VARVED CLAY and SILT.

BURMISTER'S SYSTEM OF SOIL IDENTIFICATION

TABLE I — DEFINITIONS OF TERMS FOR THE IDENTIFICATION OF GRANULAR SOILS
SOILS AFTER BURMISTER, 1950

I«r
Iif
r

a-
, . . . . r r

(a) DEFINITION OF TERMS IDENTIFYING GRADATION
THE COMPOSITION OF GRANULAR SOILS

Compo-
nent

PHncI*
pal
Compo-
nent

Identification
Written

GRAVEL

SANO

SILT

Symbol

G

S

S

Proportion
Terms*

Written S_ymbol

Defining
Ranges of
Percentages
by Weight

50 or more

(b) DEFINITION OF TERMS IDENHPY-
tNG OF GRANULAR COMPONENT0

Gradation Designations
for Identification
As Written

coarse to fine
or

coarse to medium
to fine

coarse to medium

Symbol

cf

cmf

on
-

o
Defining
Propor-
tions

All frac-
tions
greater
than 10%
of the
component,
but the
medium
fraction
predoml-bnates

Less than
10% fine

I
III
n
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TABLE I — (Continued)

(a) DEFINITION OF TERMS IDENTIFYING GRADATION
THE COMPOSITION OF GRANULAR SOILS

Compo-
nent

Minor
Compo-
nent

Identification
Written
GRAVEL

SAND

SILT

Symbol
G

S

S

Proportion
Terms8

Written
and

some

little

trace

Symbol
a.

s.

1.

t.

Defining
Ranges of
Percentages
by Weight
35 to 50

20 to 35

10 to 20

1 to 10

(b) DEFINITION OF TERMS IDENTIFY-
ING OF GRANULAR COMPONENT

Gradation Designations
for Identification
As Written

medium to fine

medium

fine

Symbol
mf

m

f

(c) Definitions of Identifying Soil Characteristics

Defining
ProRor-
tlorfs^

Less Wan
101 curse

O

Less than
101 coarse
to fine

Less than
10% coarse
to medium

General color of the whole soil, preferably moist — gray (g) , brown (b ) , yellow-
brown (yb), red-brown (rb) t tight gray (Ig) , medium gray (mg) , dark gray (dg).etc.

Maximum particle size of gravel.
Predominating grain shape -- water-worn, sobangular, angular, scale-like, etc.
Kind of rock or mineral — granite, limestone, shale (fragnents), and quartz,

feldspar, etc.
Hardness, soundness, or friable condition. fConstituents — »1ca, shells, roots and humus, organic matter, foreign matter {br ick,

glass, concrete 1 etc. \\ *tc-

000897



TECHNICAL OPERATIONS MANUAL

WNITORING WELL INSTALLATION

7777-999-PNI
11/7/84

Rob Palermo

22 of

FOOTNOTES TO TABLE I:

roportions refer to percentages of the -hole soil than

Plus (*) NearcP the uppep Hmu Qf ̂ ppopoption<H1nus (.) Kearer the lowp I1ffl1t of fi propoptlQn<No Sign H1ddie Pange of a propopt1on^

For example: ^"some-" . ncarer 20 percent
"little*" - nearer 20 percent

COo
COooo i

For example: "coarse* to fine Gravel"
"ffledluw to fine* Sand"

ii
'ii
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BURMISTER'S SYSTEM Of SOIL IDENTIFICATION

TABLE II — DEFINITIONS OF TERMS FOR THE IDENTIFICATION OF COMPOSITE- CLAY-SOILS
ON AN OVERALL PLASTICITY BASIS

DEGREE OF OVERALL
PLASTICITY,8 P I 1

Slight S.....
Low L..c«*

Medium M,«.«*
High H. . , . .
Very High VH.. , .

OVERALL
PLASTICITY
IHOEX, PI1

SAND-SILT-CLAY
COMPONENTS

0

1 to 5
5 to 10

10 to 20
20 to 40

40 and greater

IDENTIFICATION1

PRINCIPAL
COMPONENT

MR I HEN SYMBOL* *
SILT S

CLAYEY SILT CYS
SILT A CLAY S-C

CLAY S SILT C*S
SILTY CLAY SYC
CLAY C

IDENTIFICATION
MINOR COMPONENT
WRITTEN SYMBOL

Silt S

Clayey Silt CY ' S 1

S1l t ft Clay S-C

SMALLEST O
DIAMETER 0^

JTHREADS, 1th,
P

None

1/4 * Pencil
1/8

1/ 16 - Paper Cl i p
1/32
1/64 - Hair

'Closer designations may be made. If considered significant, of plasticity by the use
of the plus (*) and minus {-) signs inmediately following the plasticity term.

Symbol designations of plasticity. where used, should be written as follows forexample; '

Slight- Plasticity, S-Pl
Low Plasticity. LPI '
High* Plasticity, H+P
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G.1.4 Rock Coring

°

Coring techniques are used when formation materials are too hard to be penetrated or
sampled by conventional soil techniques. Before coring begins, casing Is set into
bedrock to prevent cross contamlantlon and to contain the drilling fluid and cuttings
from the overlying formation. CaHng provides a solid cylindrical fraction of rock
which Is removed or cut from the formation by the use of a core barrel tube and
drilling bit. Coring Is expensive, yields better quality data than air rotary
and can drill through rock for thousands of feet depending on the size of the dr11{~>
rig. The first few feet of bedrock coring will advance by using a diamond tipped
bit. The rate of rock drilling is proportional to rock dr1llab1l1ty, and 1s partlffty
a function of rock drilling strength and chagnes due to alternating llthologles,

__ T
5 CA

Where:

d
T
ft
r
C

A
Do
01

« penetration per revelation (In. /rev.)
« Ftr
* tangential force at bit face (1b, )
• bit radius (1n*)a compresslve strength or rock (p$1)

(I.e.. Hematite « 88,1000 fist})
- (TT/4) (Do2 - 012)
* outside diameter of diamond core bit (In.)
• Inside diameter of diamond core bit (In.)

ii
iiThe U.S. Bureau of Mines has conducted studies 1n bedrock coring. Studies were '

performed using a carmerUally avalilble diamond drill, mounted on a two wheel trailer.
This research yielded a theoretical equation for predicting core-drilling rates, by i £
simplifying the general equation, the follolng resutls are obtained: •iiiiin

i
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1 .0 EQUIPMENT

2.1
2.2
2.3
2.4
3.5
2.6
2 .7
2.8
2.9
2.10
2.11
2. 12
2. 13
2.14
2. 15
2. 16
2. 17

Dril l rig, with crew and coring equipment
Barrel, core, and bit
Rods, drill
Water supply
Time piece
Boxes, core (standard size)
Pen, Indel ible
Labels
Camera (opt ional))
Hammer, Schmidt (optional)
Knife, pocket
Lens, hand, magnifying
Cal laps lb le folding ruler, 6-ft. length
Tape, cloth 100-ft. length
Device, sounding
Reference materials and forms
Notebook, field, bound

ooooo

2.0 DECONTAMINATION OF EQUIPMENT

To reduce the risk of transfer of contaminants onto and off of the site,
decontamination of all equipment by steam-cleaning procedures Is required prior toentering or leaving the site.

To reduce the risk of transfer of contaminants within the site, decontamination of all
equipment'and containers by washing equipment Is required between sampling locations.

The fallowing general washing procedure Is recommended:
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o Brush loose soil particles off of equipment.
o Wish equipment with laboratory grade detergent.
o Rinse equipment with tap water (minimum of three rinses).
o Rinse equipment with distilled water.
o Rinse equipment with reagent grade methanol.
o Allow methanol to evaporate before reusing the equipment.

CMAll wash and rinse water should be collected and disposed of In a manner established by
the Qn-$ite Coordinator. . QV

O
Specific procedures should be established for each site based on the degree of hazard
associated with the material and the amount of contact with hazardous material from the
work.

Equipment which cannot be contaminated by such procedures, such as field notebooks,
forms, and photopgrahlc equipment should be handled 1n a manner which will minimize
direct contact with core samples of drilling fluids.

3.0 PROCEDURE

3.1 Prior to commencing the field explorations, the Project Geologist should specific
the following Items:

o Locations of rock-coring explorations.
o Depth of rock-core penetration,
o Length of core-run Usually 5 ft.)
o Specific rock-coring procedures.

VII
9I
II

3.2 The Field Geologist should Identify the locations of rock-core explorations with
survey stakes and flagging. Locations of explorations should be approximately
determined by the Field Geologist using pocket-transit and pace method and should
be plotted on the site -base map* i
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3.3 The Project Geologist should Indicate the Information to be recorded by the Fie ld
Geologist during the rock-coring operation. The recorded Information should
Inclue but not necessarily be llmlty to the following:

o Drill rate (minutes per foot)
o Type and size of bit
o Core number
o Depth range
o Core recovery (Inches) ^
o Rock Quality Designation (RQD 1n percent; for NX-size core only). o

3.4 The rock core should be classified by the Field Geologlest using a rock oclassification system established by the Project Geologist, who manages the o
exploration program.

3.5 There Is no universal core barrel or drill ing equipment for rock coring. The
:; geologic and topographic conditions as well as the requirements of the project

will dictate the type of equipment to be employed*

The following factors can result 1n good core production and should be observed
during rock coring.

3*5. 1 Prepare a level and stable billing platform before commencing the boring.

3 .5 .2 Keep the drill stem as nearly vertical as possible. On deep core holes, true
alignment of the casing Is critical. The driller may elect to use a heavy
drilling mud Instead of easing to support the bore hole walls; this procedure
Is not as desirable under some .conditions, but acceptable if satisfactory
Information 1s obtained.

- *

3.5.3 Wash the casing out thoroughly before Inserting the core barrel.
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3.5.4 Inspect the selected core barrel and bit for wear, general cleanliness, and
free movement of all parts. Reject any barrel or bit that appearsunsatisfactory.

3 .5 .5 Pump redrculated drill fluid down the drill rods and observe a return flow
before commencing dril l ing operations.

3 .5 .6 Carefully measure all lengths of rod, core barrel, and stick-up through air
phases of dril l ing for accurate depth determination.

O3 . 5 . 7 Dri l l with minimal vertical pressure and rotation. Most rigs are
a selection of gear ratios and a variable hydraulically-controlled feed

%mechanisms. Dri l ler expertise in selecting the correct combination of speed
and feed rate 1s invaluable.

3 .5 .3 Water return should be no more than just sufficient to bring the bore hole
cuttings to the surface.

3 .5 .9 Place the core carefully 1n the core box from left to right, top of bottom.

3 .5 . 10 If 100 percent recovery was not obtained, the bore hole should be sounded to
determine If the missing core still remains In the bottom of the borehole.

4,0 REFERENCES

Acker III, U.I. 1974. Basic Procedures for Soil Sampling and Core Ori l ing. Acker
Dril l Co., Inc.. Scranton, PA. 246 p*

6.1 .5 Supervision

i
a-IIfii• .i•i
iI
I
I
I
I
I
I

The engineer, project manager or geologist supervising the drilling Is responsible for I|
"•king Ml decisions relative to overseeing the drilling operation. It Is this *
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Individual responsibil ity to ensure that all appropriate proceudres are followed
including health and safety considerations by the dri l l ing party.

The dally field logbook, soil and rock sarnie labeling and classification must all be
performed and kept up to date by the project field geologist.
H-l Developing the Well

The purpose of developing the well is to move the formation fines (clays, si lts,
dri l l ing fluids, etc.) into the well so that they can be removed by a bailer.
was not done the finer grained materials could cause clogging thus restricting
movement of water throughout the packing and well screen.

H.l.l Surge Block
O
*o

A surge block is a round (rubber type) plunger with pliable edges which is designed not
to jaffl in the well screen. The surge block 1s forced up and down inside the well
screen. The motion of the water causes the fine-grained materials to accumulate in thebottom of the well.

H.1,2 Overpumping and gackwashlng

This involves washing or overpumping the well at rates higher than would be normally
used. Some of the drawbacks with pumping may result from contaminants being drawn into
the well from other zones due to a large cone of depression which may be induced byoverpunping.

An alternate pumping method of starting and stopping the pump so that the water 1s
pulled Into the wall then backflushed through the screen 1s often used*
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M.1.3 Air Lift

Compressed air is forced into the casing at a depth above the well screen through a
pipe. Air Is injected into the well only for short durations. This causes the water
level to rise in the well. The air supply 1$ then cut off allowing the raised waste
column to subside* This procedure causes a backflushing effect in the well. The fines
are then blown out of the well.

I
nI»Irir1«i

H.I .4 Bailing O

O
A bailer of sufficient weight which should sink rapidly through the cased water cfiJumn
can be raised and lowered through the well screen. The water column is disturbed*^
the action of the bailer similar to the agitation caused by a surge plunger/blocki The
bailer, however, has an added advantage of removing the fines each time it Is brought
to the surface and emptied.

H.I .5 Surge Plunger

Surging can also be accomplished with a plunger which approximates the diameter of the
well. There are two basic types, solid and valve surge plungers. For those formations
with relatively high water yields a solid plunger is more effective and produces a
stronger surging motion. Valved plungers are designed to produce a greater intake of
water than the backflush water moving oppositely through the well screen.

H.l *6 Jetting

One of the more effective ways of developing a well Is by high velocity jetting. In
this method water is forced at high velocities through openings In a plunger type devi-
ce. The Jetting device Is rotated and raised and towered the length of the well screen
to develop the entire screened area. The sediments which are washed into the casing
settle at the bottom of the well and can be removed either by balling or pumping.

iiiii;i
9I
I
I

•I
*I
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VOLATILE ORGANICS BY PURGE AND TRAP
MASS SPECTROMETER - GAS CHROMATQGRAPH

1.0 Introduction
This method is designated to determine those "unambiguous prioritypollutants', associated with the Consent Decree, that are amenableto the purge and trap method. Analyses of EPA specified prioritypollutant volatile organic compounds are performed according tothe EPA Chromatographic/Mass Spectrometric (GC/HS) proceduresspecified in the US EPA Analytical Method 624 Purgables (44 CFR69532, Monday, 3 December 1979) . Quality Assurance proceduresart consistent with Appendix 3 (44 CFR 69532, Monday, 3 December 1979)

2.0 Scope and Applicat ion
Certain compounds, acrolein and acrylonitrile, are only detectedat high concentrations due to inefficient recovery by this method,and are determined by direct aqueous injection GC/MS. Directaqueous injection GC/MS is recommended for all compounds whoseconcentration exceeds 1000 yg/1.
The purge and trap and the liquid/liquid extraction methods arecomplimentary -o one another. There is an area of overlap betweenthe two and some compounds may be recovered by either methods.However, the efficiency of recovery depends on the vapor pressureand water solubility of the compounds involved. Generally, the areaof overlap may be identified by compounds boiling between 130°C and150°C with a water solubil ity of approximately two percent.Some compounds are efficiently recovered by both methods. The GC/HSconditions selected for the purge and trap method are generallynot suitable for the determination of compounds eluting later thanethyl benzene.

O
O
O
O
O

By:. Approved 8y:

Corporate QA Approval;
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3.0 and preservation
Samples are collected in screw-cap septa bottles that have been
appropriately washed and rinsed according to the procedure described
1n tottle cleaning for extractable organics heated at I70°C for a
minimun of one hour to drive off any volatile organic* present).
A1r bubbles should not be present In bottles after collection and
teflon side of septa should be facing sample. Samples are refrigerated
upside down until approximately one hour prior to analysis*

4.0 Equipment
4 . - . 1 5993A GC/MS Hewlett-Packard

1.2 7906 Disc Drive
1.3 21MX E-Series Computer
1.4 2648A Graphics Terminal
1.5 Tektronlx'-Wi;/ Video Hard Copy UniiT •

4.2 18961A Purge and Trap Sampler - Hewlftt-Packard
4.3 9625 Coming Culture Tube with Screw Cap (25x200 mm)
4.4 Hamilton Syringes * 800 Series and 7000 Series "Yr liquids

S.O Purge Parameters for WU ̂ Hl^.
5.1 Purge gas - Helium, high purity grade

Purge time - 15 minutes
Purge flow 30 rnl/min
Trap dimensions - 1/8 in. 0,0. (0 .09 to 0. 105 in. 1 .0 . )

x 6 in. long
Trap sorbent - Tenax-Gt, 60/80 mesh 4 in. plus Type 15

silica gel, 35/60 mesh (2 in.
Oesorption flow - 30 mV

Written 8y:

Corporate QA Approval;

i•1il

COooooo
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Desorptlon time • five (5) minutes
Oesorptlon temperature - 180°C
Vent tine - flftten (15) erfnutes

5.2 Gas Chromatoqraphlc * Man Spectrometer Parameters
Column - Stainless steel, 6 ft. long xl/8 In, 0.0.

(0.09 to 0.105 1n. 1 .0. ) packed with IX SP 1000 (80/100 mesh)
Carrier gas^- He,11ucn & 30,

5.3 Program 'Parameters
Run Time • 28 minutes
Start/Stop Masses - 33 . 200
A/D Measurements per Datum Point - 3.0
threshold -75
Scan Start Delay.* 3 . .
GC Temperature 1 - C 50°C
Time at Temperature 1 - four (4) minutes
Rate - 8/rrrinuU
GC Temperature 2 - 220
Tfme at Temperature 2 • sixty (60) minutes
Injection Port Temperature - C 230 - C
Electron Multiplier Voltage - 1600
Sample Name - Sample description, concentration of Internal standards

present, electron multiplier voltage used.
Miscellaneous Data * Date of run

ooooo

Written By:
Date:

Corporate QA Approval;

Approved 8y;
Date):
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Procedure for VOA jnaj/jjji,
6.1 Standard Preparation

6. 1 , 1 ComwrclaJ Stock Standard* {0,2 yg/1) art available from
Supelco and obtained from the COM/EED Standard Library*
They art divided into the following groups:

Purgable A - Methylene chloride1,1-01chloroethylene1.1-01chloroethaneChloroformCarbon tetrachloHde1.2-OichloropropaneTrlcMoroethylene1,1,2-THchloroethaneDlbromochloromethaneTetrachloroethyleneChlorobenzene
Purgabte B - THchlorofluoromethane

trans-l,2-01chlorcethylenel,2-01chloroethane1,1,1-THchloroethane6romod1chloromethane. ' trans-l,3-01chloropropaneciS-l,3-D1chloropropeneBenzene
Bromofonn
1,1,2,2-TetrachloroethaneTolueneCthylbenzene

Purgable C * Chloromethane
OlchlorodifluoromethaneBramomethaneVinyl chloHdeCMoroethane

o

ooo

IIII1I11I

By:
^1(H^ t*^ j*^ — ..

""*"""»*»(••< .*..«.«....»..

Corporate QA Appp0v«l;

Approved By:
Date:

000910



6 . 1 . 2 Preparation of Standards from pure reference standards
Prepare standard stock solutions (approximately 2 ug/u l )
by adding, from a 100 ul syringe, one (1) to two (2) drops
of the 99+1 pure reference standard to methanol ( 9 .8 ml)
contained in a tared 10 ml volumetric flask (weighed
to nearest 0.1 mg). Add the compound so that the two (2)
drops fall Into the alcohol and do not contact the neck
of the flask. Use the weight gain to calculate the con-
centration of the standard. Prepare gaseous standards,
I .e . , vinyl chloride, 1n a similar manner using a 5 ml
valved ga$-t1ght syringe with a 2 in. needle. Fil l the
syringe (5 .0 ml) with the gaseous compound, Weigh the 10 ml
volumetric flask containing 9.8 ml of methyl alcohol
to 0.1 mg. Lower the syringe rwedle to about 5 run above
the methyl alcohol meniscus. Slowly inject the standard
into the flask. The gas rapidly dissolves In the methyl
alcohol. Reweigh the flask, dilute to volume, mix, tightly
stopper, and store in a freezer. (It is advisable at this
time to prepare a stock standard containing all compounds
to be determined.) Such standards are generally stable
for at least one (1) week when maintained at less than 0 °C .
Stock standards of compounds which boil above room tempera-
ture are generally stable for at least four (4) we«fcs when
stored at 4»C.
SAFETY CAUTION; Because of th* toxlcity of most organo-
haHdes, primary dilutions are prepared in a hood. Further,
It 1s advisable to use an approved respirator when handl ing
high concentration of such materials.
From the primary dilution secondary dilution mixtures in
methyl alcohol are prepared so that the unkncvms produce
responses close to those of the standards selected (whichshould Include concentrations of 10. PP9, 100. PPB and1000. PPB) .
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«-l,3 LOW Ltvtl VOA Analysis

. . , JtMd4r(< is pr,pared«"ut1an of stock standard solution, obtained f™ S
6- 1 . 4 Addition of Internal Standards

Supelco.

inn i A M L, . ""'* ^rwo-l-chloropropaneand 1,4-dlchlorobutane Is prepared. A fresh Internal
standard mixture Is dosed Into every samp,e and
.standard analyzed 1$ referenced.

6.2 Preliminaries for Analysis

§ 6 - 2 - I Preliminary Treatment of Sample
aid Storage

and brought to .,
Placing in a warm water bath at 20-2S°C.

6 .2 .2 Purging and Trapping Procedure
The helium purge gas fl* „ adjusted to approximately
30. ml/ortn. Th, sampl, „ plletd in th, p ndsample vessel and 2000. ng. of
added. The sample vessel 1i
and the purge cycle Is started.
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6.2 .3 GO/MS Determination
The GC/f-tS is programmed In the Aquire Mode with parameters
listed In Section 5.2. At the termination of the Purge
Cycle tne GC/HS run is initiated by pressing the "return"
key and opening the MS valve. The GC/HS will end the run
automatically and will allow the option of saving or erasing
the designated run. If the user decides to save the spectra
the run Information (i .e. sample no., date, electron
multiplier voltage] is recorded in the designated book.

6.3 Qualitative and Quantitative Determination
The characteristic masses or mass ranges listed in Table 1 are r'

^used for qualitative and quantitative determination of volati le rorganlcs. They are used to obtain an extracted Ion current
profile (EICPji for each compound. Fc^- very low concentrations,
the same masses may be used for selected ion monitoring . 'SIM) ; ,

Samples are quantified by comparing the area Of a single mass
(see Table 1} of the unknown In a sample to that of a standard.
When positive responses are observed, a reference standard is
analyzed so that the standard response closely approximates the
sample response. The concentration In the sample 1s calculatedas follows;

ooo

(Area for unknown)Iflrea far-gggigfr
Concentration of standard ( ug/l) ug/1 Of unknown

on* », or «v|r.T?o£ .
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7.0 Reporting of Data
All results are reported to two (2) significant figures or to the
nearest 10 uff/1. Internal standard data is reported to two (2)
significant figures.
As the analyses are completed, GC/HS data is saved on magnetic tape.
All quality control (QC) data is reported along with the analytical
results for the sables.

7.1 Data Validation Criteria
The area of the quantifying ion for individual internal standard(s)
is calculated for each analysis. To be considered val id the
recovery of the internal standard from Individual samples must be ̂
100 * 25S of the internal standard of the corresponding dynamic !~
standard* o

In addition to the aforementioned performance criteria the for-**-0

oing analytical criteria must also be met In order to quantify
specific compounds listed in Table 1.
First, the characteristic Ions fcr the compound must be found
to maximize in the same spectrum. Second, the time at which
the peak occurs must be within a window of *_ 1 minute for the
retention time of,this compound. Finally, the ratios of the
three peak heights must agree with the relative intensities
given in Table 1.

i
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Table I
Characteristic Ions o* Volatile Organic*

i

Compound
chloromethane
dichlorodifluorome thane
broBooe thane
vinyl chloride
chloroethane
aethylene chloride

trichlorofluorome thane
1,1-dichloroethylene
broaochloromethane (IS)
1,1-dichloroethane

trans-l,2-dichioroethyleae
chloroform
1F2-dichloroe thane
1*1,1-trichloroethane
carbon tetrachloride
bromodi chlorome thane
bis-ehloromethyl ether

• 112~diehloropropane
trans-113~dichloropropene
trichloroethylene
Jibronochlorome thane*
cis-1, 3-dichloropropene

El Ions (Relativeintensity)
50( 100) ; 52 (33 )
85 ( 100) ; 8 7 ( 3 3 ) ;
101(13); 103 (9 )
94 ( 100 ) ; 9 6 ( 9 4 )
62 ( 100) ; 64 (33 )
64 ( 100 ) ; 66 (33 )
49 ( 100 > ; 5 1 ( 33 ) ;
8 4 ( 8 6 ) ; 8 6 ( 5 5 )
101 ( 100) ; 103 (66 )
61 ( 100) ; 9 6 ( 8 0 ) ; 9 8 ( 5 3 )
4 9 ( 1 0 0 ) ; 1 3 0 ( 8 8 ) ;128 (70 ) ; 5 1 (33 )
63( 100) ; 6 5 ( 3 3 ) ; 8 3 ( 1 3 ) ;
8 5 ( 8 ) ; 9 8 ( 7 ) ; 100 (4 )
6 1 ( 100) ; 9 6 ( 9 0 ) ; 9 8 ( 5 7 )
83( 100) ; 85 (66 )
62( 100) ; 6 4 ( 3 3 ) ;
98 (23 ) ; 100(15)
9 *7 ( 100) ; 9 9 ( 6 6 ) ;117(17); 1 19(16)
1 17( 100) ; 1 19 (96 ) ; 121 (30)
83 ( 100 ) ; 8 5 ( 6 6 ) ;127(13) ; 129(17)
79( 100 ) ; 81 (33)
63 ( 100 ) ; 65 ( 33 ) ;1 12(4) ; 1 14(3)
75 ( 100 ) s 77(33)
95 ( 100 ) ; 9 7 ( 6 6 ) ;130 (90) ; 132(85)
129( 100) ; 127 (78 ) ;
208( 13 ) ; 206( 10)
75( 100) ; 77(33)

Ion used tojantifv
50

101
94
62
64

84
101

96

128

6 3 '
96
83

98

97
117

127
75

112
75

130
127

75

LA

"ooo
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Compound
1,1,2-triehloro« than*

2-chloroethylvinyl ether
2-brofflo-l-chloropropane(IS)
bromofonn

1,1,2,2-tetrachloroeth
1,1,2,2-tetrachloroethane

»
l,4-diehlorobutane(IS)

• toluene
chlorobenzene

• ethylbenzene'
acrolein
aeryionitrile

Table I (cont'd)
£1 Ions (Relativeintensity)
8 3 ( 9 5 ) ; 8 5 ( 6 0 ) ; 97 ( 100 ) ;99 (63 ) ; 132 (9 ) ; 134(8 )
78(100)
63 (95 ) ; 65 (32 ) ; 106( 18)
77( 100) ; 79 (33 ) ; 1 56 (5 )
17 1 (50) ; 173 ( 100) ; 175 (50 ) ;250(4 ) ; 252( 1 1 ) ; 254( 1 1 ) ;256(4)
129 (64 ) ; 13 1 (62 ) ;
164 (78 ) ; 166( 100)

. 83 ( 100 ) ; 8 5 ( $ 6 ) ; 13 1 (7 ) ;133 (7) ; 1 6 6 ( 5 ) ; 1 68 (6 )
55( 100) ; ' 9 0 ( 3 0 ) ; 92( 10 )
91( 100) ; 92 (78 )
1 12(100); 1 14(33)
91 ( 100) ; 106 (33 )
2 6 ( 4 9 ) ; CdOO) ;
d * (64) ; 56 (83 )
26 ( 100 ) ; 5 1 (32 ) ;52 (75 ) ; 53 (99 )

97
78

106
77

173

164

168
55
92

112
106

56

53

iii
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g.O Quality Assurance
8.1 Blanks

Tht analysis of blanks Is most Important In the purge and trap
technique since the purging device and the trao can be contami-
nated by residues from very concentrated samples or by vapors
tn the laboratory. Prepare blanks by filling a sample bottle
with Nanopure water (blank water) that has been prepared by
passing distilled water through a pretested activated carbon
column. Blanks should be sealed, stored at 4°C, and analyzed
with each group of sarnies.
After each sample analysis, thoroughly f^ush the purging device
with blank water end bake out the system. Subsequently, analyze
a sample blank (one that has been transported to and from the
sampling site). If positive Interferences are noted, analyze a
fresh laboratory sample of blank water. If positive interference
still ocurrs, repeat the laboratory ilank analysis. If inter-
ference persists, dismantle the system, thoroughly cle^n all parts °
that the sample, pnjge gas and carrier gas come into contact with
and replace or repack the sorbent trap and change purge and
carrier gas.

8.2 Precision

is developed from 15 sets of replicate results accumulated over
a period of time during the routine analysis program. At least
two (2) replicate allquots of a well-mixed sample are analyzed
with each set of 20 samples analyzed at a given time.
Initially, samples selected for replicate analyses are those that
are most representative of the interference potential of the
sample type. As the program progresses, samples representing
the entire range of concentrations and Interference potential are

Approved 8y;
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and periodically (after 25 to 30 additional pairs of replicate
results art obtained) the table of critical range values isrevised, updated, and improved,

8.3 Accuracy
In addition to the Initial determination of the precision of
the method, a prcgrw is maintained to verify thai the laboratory
accuracy continues under control. This program is concurrent to
the spiked saople analysis program outlined below and is carried
out by preparing check standards and analyzing them according to
the method. The check'standards are approximately equal to the
concentration found In routine samples. The standard is analyzed
and 0-f (the observed value) Is calculated. The percent recovery
(P j ) is then calculated as follows:

100 (Of )

oo

ooo
Tt • the true value.

and:
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designed Into the replicate analyses program.
After 15 replicate results have been obtained, the range ( R j )
of these results 1s calculated as follows:

- X12

where R1 1s the difference between the results of the pair
(*1i - * 12 > from sample 1*1 through n. Ttie concentration of
each sample 1s represented by the mean:

where ̂  1s the average of the results of the replicate pair . ^
A preliminary estimate of the critical difference (R c) between o
replicate analyses for any specific concentration level {<) is* O
calculated as : ' o

3•" (c !,'<)/(£
From these data a table of such RC values for various C values that
span the concentration range of Interest 1s developed.
These preliminary critical difference values are used to judge the
acceptability of the succeeding replicate results. To do this,
the mean (T) and difference (R) between the replicate results are
calculated. Referring to the table of critical range values
developed above, the C nearest to I Is found and Its Re 1s usedto evaluate the acceptability of R. If tN R 1s greater than Rc,the system precision Is out of control and the source of this
unusual variability 1s Identified and resolved with routine
analyses. The results of all replicate analyses are recorded
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where n • tht number of wmts availably
If the percent recovery for, succeeding cn.ck standards Is notwithin the interval of ft 2 Spt the system 1s cocked for
problettt. Xf problems exist, they are ^solved befom continuing
with routine analysis.
At least one check standard is_an.a.lyzeolAlQa&-ttitiLgach set oftwenty (20) samples that is analyzed at a given time. ""~̂
The recovery of all check standards is recorded and periodically
the accuracy criteria Is revised, updated, and improved.

8.4 Recovery
The recovery of the method for the analysis of environrwtal
samples by adding a spike (T j , true value) suffd'ent to approxi-
mately double the background concentration level {T,) of the
sample selected earlier for replicate analysis is determined
as part of the overall Quality Assurance Program. If the original
concentration Is higher than the midpoint of the standard curve'
(range of the method), then the concentration of the spike is
approximately one-half the original concentration. If the con-
centration of the original sample was not detectable, the con-
centration of the spike is five (5) to fifteen ( 15) times the
lower limit of detection. The volume of standard added in aqueous
solution does not dilute the sample by more than ten ( 10) percent.
The volume of standard added in an organic solvent solution 1s
kept small (100. yl/1 or less), so that the solubility of the
standard In the water will not be affected.
The sample is analyzed and the observed value (O j ) 1s calculated.

o
C\J
CTN
Oo
o

11wntii
iii

Then the
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recovery for the spike Is obtained as follows:

P1 • 100(0f - Til/T^
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8.5

where P^ Is the percent recovery. If the sample was diluted due
to the addition of the spike, 7j 1s adjusted accordingly.
After determining P1 fop fifteen (IS) spike results, the mean
percent recovery (F) and standard deviation (Sp) of the recovery
are calculated as follows;

where n « number of percent recovery values avai lable.
If the percent recovery of the spike 1s not within the interval
of P" t 3 Sp, the system accuracy Is out of control and the source
of this systematic error is Identified and resolved before
continuing with routine analysis.*
At least one spiked sample 1s analyzed along with each set of
twenty (20) samples that 1s analyzed at a given time. This
spiked data Is obtained for each parameter of Interest. The
recovery data of all spiked analyses Is recorded and periodical ly
(every twenty-five to thirty data points) the accuracy criteria
1s revised, updated and Improved.
Additional Routine Quality Control Practices
In addition to the foregoing formal control program, certain
other practices are Included during the routine analyses to
eliminate determinate errors and to Insure the quality of the
data. These practices Include: Instrument calibration and-
performance cheeks, preparation and dally check of calibration
curves, rwthod blank analyses, and^fWd blank analysts^

CM
O
O
O
O
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8 .5 . 1

8 .5 .2

Calibration Check for fine GC/MS System
At the beginning of each day's operation* the calibration,
resolution, and sensltity of the system is adjusted, by
running the program "Autotune". The system can be
checked further by following the procedures listed below:

When analyzing the purgeable organics or semi-volatile
acids, the system is checked by directly injecting and
analyzing 100 nanograms of Sromofluorobenzene (BF8) .
Systan performance is determined using the Ion abundance
criteria for this compound listed in Table 2. If
this test shows that the system is not properly cal ibratedthe program "Autotune" is run.

Internal Standards
.Internal standards are used to check the total analytical

procedure. The internal standards are selected based
upon prior knowledge of the sample source and type* They
are similar to the compounds being determined, but do
not co-elute with them. At least two (2) internal standards
are selected for each class of compounds of interest,

CM
CM
ON
Oo
O

Available from Aldrich.
Available from PCR, Inc.
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IRON•nun
Method 236.1 (Atomic Absorption, direct wpinitioo)

STORCT NO, Toiai 01045
DtMolred 01046

01044
Optinoa CcoccBtnitiM Ra&ftt 0-5-5 mg/I using a wavelength of 2*8.3 runO.I2mg/l

0.03 mg/ 1
Preparcdo* of Staadard Solctioo

1. Slock Solution: Carefully weigh 1.000 g of pure iron wire (analytical reagent grade)
dissolve 10 5 ml redisrilled HNO,, warming if necessary. When solution is complete ,
up to 1 liter with dcjoniwd distilled water- 1 mi « I fflg Fc( 1000 mg/I).

2. Prepare dUutions of the stock solution to be used ai calibration standards at the time oV
analysis. The calibration standards should be prepared using the same type of acid and ar
the same concentration u will result in the sample to be analyzed either directly or after"1procauing.•

°

1. For sample handling and preservation, tee part 4. 1 of the Atomic Absorption Methodssection of this manual

I, The procedures for preparation of tbe ample as given in parts 4.1 . 1 thru 4 . 1 .4 of the
Atomic Absorption Methods section of this manual have been found to be satisfactory.
ai Pa1.

2.
3.
4.
5.

Iron hollow cathode lamp
Wavelength: 248 J nm
Fuel Acetylene
Oxidact: Air
Type of flame: Oxidizing

'•
Approved for NPDES
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NMM
1.

2.
3.
4.

Predsta
1.

Number
Of Ub»

82
83
78
79
37
34

The foUowmf lines may also be used:
24*8 am Relative Sensitivity 2
271.9 am Relative Sensitivity 4
302.1 am Relative Sensitivity 3
2JZ7 am Relative Sensitivity 6
3710 am Relative Sensitivity 10
^?MarSR1intoSrORCTaiustbereP0^««l/IThe Uaphenamhroliae eoJorimetric meth^i « **7*M;•<* Edition, p. 208). COWnmetnc method **y *l*o be used (Standard Methods,
For concentrations of iron below 0.03 mt/l either rh* «~ i „
*v« « part 9.2 of the Atotmc Absorption MeToI ̂** 5*llletol Pr0cedurc

Method 236.2, U recommmrirH ^ "^ °r the furaa« P^«Jure,
itadActBTBcy£ Sfs^ - T^^JT T -- ̂^ - —«- ̂
•^-••^eow^SIS^iS11"1" ̂  " EMM- S« »»"«•««-*«* M - iSS.IS&^rff'11** -w- -•TOnwtreMfoUows. . . ™rw Wlttr "niples. The stituttcal results for -

T™. v^u. M« V^u« ^"^-a^a^ - " '̂̂  !̂S" A^XU

TOO 22 in ,.5 s « s
m 5« 22 "°'710 48 2 Ml« 382

.

l
rv11i
w

•
1'

*3 "w 10 •o •_0 I0 • 1* 1 11
1 1
t 1
1 L-1
1 1
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MANGANESE
Method 243.2 (Atomic Absorption, fcnuce technique)

STORET NO. Total 01055
Dissolved 01056
Suspeoded 01054

DctccdM Uric 0.2 uj/l
!-30ug/l

Prtpantioi of Standard Solution
t. Stock solution: Prepare as darn bed under "direct aspiration method**.
2- Prepare dilutions of the stock solution to be used u calibration standards at the time of

analysis. These solutions are also to be used for "standard additions". y\
3. The calibration standard should be diluted to contain 0.5% (v/v) HNO,. ^

O$*aplc Preservation
1. For sample handling and preservation, see pan 4.1 of the Atomic Absorption Methods

section of this manual. O
Saapl*

1. Prepare u described under "direct aspiration method". Sample solutions for analysis
should contain 0.5% (v/v) HNOj.

taatnuficst Pamaetcn (G«oanl)
1. Drying Time and Temp: 30 sec- I23*C
2. Ashing Time and Temp: 30 sec* IOOC*C
3. Atomizing Time and Temp: 10 sec-2700*C
4. Purge Gas Aim cap here: Argon
3. Wavelength: 279.5 nm
6. Other operating parameters should be set u specified by the particular instrument

manufacturer.
Analyst* Proeedm

1. For the analysis procedure and the calculation, see "Furnace Procedure" part 9.3 of the
Atomic Absorption Methods section of this manual

Nottt
I. The above concentration values and instrument conditions are for a Perkin-Elmer HGA-

2100, based on the use of a 20 ul injection, continuous flow purge gas and oon-pyrolyoc

Approved for NPDES
Issued 1978
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1
3.
4.

5.
6.

graphite. Smaller size furnace devices or those employing faster rates of atomizaaon can
l» operated using lower aiomizanon temperatures for shorter time periods than theabove recommended setting!.
The use of background correction is recommended.
Nitrogen may also be used as the purge gas.
For every sample matrix analyzed, verification is necessary to determine (hat method of
standard addition is not required (see part 5.2.1 of the Atomic Absorption Methodssection of this manual).
If method of standard addition is required, follow the procedure given earlier in put 8.5
of the Atomic Absorption Methods section of this ninuil
Data to be entered into STORET must be reported as og/l.

Precision and Accuracy
1. Precision and accuracy data are not available at this time.

vO
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O^
O
O
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MANGANESE
Method 243.1 (Atomic Absorption, direct aspiration)

STTORET NO. Total 01055
Dissohed 01056

Suspended 01054
Optimum Coacefltndoo Raagt: 0. 1-3 mg/! using a wavelength of 279.5 nmSearitiTftr 0.05 mg/1
Detection UmJC 0.0 1 mg/ 1
Preparation of Standard Solutioa

1. Stock Soludon: Carefully weigh 1.000 g of manganese metal (analytical reagent grade)
and dissolve in 10 ml of redistilled UNO,. When solution is complete, dilute to 1 literwitfal9&(V/V)HCMml - lmgMn(JOOOmg/l). r-

2. Prepare dilutions of the stock solution to be used as calibration standards at tfae tune
analysis. The calibration standards should be prepared using the same type of acid and
the same concentration as will result in the sample to be analyzed either direct! .processing. . '

t. For sample handling and preservation, see pan 4. 1 of the Atomic Absorption Methodssection of this manual
Sample Prvporatfo*

1. The procedures for preparation of (he sample as given in pans 4. 1 . 1 thru 4.1 4 of the
Atomic Absorption Methods section of this manual have been found to be satisfactory.

InstrumeflCal Pirmnwten <G«flcnl)
t. Manganese hollow cathode lamp
2. Wavelength: 279,5 nm
3. Fuel; Acetylene
4. Oxidaat: AJr
5. TypeoffUme-.OxJdmng

Procerfmra
1. For analysis procedure and calculation, see "Direct Aspiration", part 9.1 of the AtomicAbsorption Methods section of this manual.

Approved for NPDES
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Note*
1. For levels of mangaoev bdow 25 Jis/I. other the furnace procedure. Method 243.2. or

the Special Extraction Procedure given in part 9.2 of the Atomic Absorptioo Methods
section is recnmmnwjfrj The extraction is carried out at a pH of 4-5 to 5. The manganese
cheiate is very unstable and the analysis must be made without delay to prevent its re*solution in the aqueous phase.

2. The following tine may also be used:
403.1 nra Relative Sensitivity 10.

3. Data to be entered into STORCT mint be reported as ug/1.
4. The penulfate colohmetric method may also be used (Standard Method*, 14th Edition,p225).

rTGcisfav and Aixuracy
1. An interiaboratory study on trace metal analyses by atomic absorption was conducted by

the Quality Assurance and Laboratory Evaluation Branch of EMSL. Six synthetic
concentrates containing varying levels of aluminum, f*Hmiitpr chromium, copper, iron,
manganese, lead and zinc were added to natural water samples. The statistical results formingannse were as follow*:

Standard
Ocvianoo
eg/liter
7097
26
31
27
20

i
«~,i
r.i

or
CM
Ch
Oc

-C.'
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SODIUM
Method 273.1 (Atomic Absorption, direct aspiration)

STORE? NO. Total 00929
Dissolved 00930
Suspended 00928

OptiiBiua Concentration Range: 0.03-1 mg/t using a wavelength of 5S9.6nm
Scuitjri ty : 0.0 1 5 mg/ 1
Detection Limit 0.002 mg/1 .

Preparation of Standard Solution*
1. Stock Solution: Dissolve 2.542 g of NaCI (analytical reagent grade), dned at 140*C,

deionized distilled water and make up to I liter I ml » I mgNa(IOOOmg/l)
2. Prepare dilutions of the stock solution to be used as caJibration standards di the time

analysis. The calibration standards should be prepared using the same type of acid and
the same concentration as will result tn the sample to be analyzed either directh f rprocessing. . '

OJ

O

iii

Sample Preservation
I. For sample handling and preservation, see pan 4 I of the Atomic Absorption Methods

section of this manual.

Sample Prtparttioa
1. For the analysis of total sodium in domestic and industnal effluents, the procedures for

the determination of total metals as given in parts 4. 1 .3 and 4 . 1 .4 of the Atomic
Absorption Methods section of this manual have been found to be satisfactory.

2. For ambient waters, a representative aliquot of a well-mixed sample may be used directly
for analysis. If suspended solids are present in sufficient amounts to clog the nebulizer.
(he sample may be allowed to settle and the supernatant liquid analyzed directly.

fnstruaentai Parameters <GcacrtJ>
1. Sodium hollow cathode lamp
2. Wavelength: 589 6 nm
3. Fuel: Acetylene
4. Oxidant: Air
5. Type of Hame: Oxidizing

Approved for NPDE5
Issued 1971
Editorial revision 1974
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Amdyau Proctdur*
I. For the analysis procedure and the calculation, see "Direct Aspiration", pan 9.1 of the

Atomic Absorption Methods section of this manual.
Not*

1. The 330.2 nm resonance line of sodium, which has a relative sensitivity of 1 S3. provides a
convenient way to avoid the need to dilute more concentrated solutions of sodium. '•

2. Low-temperature flames increase sensitivity by reducing the extern of ionizanon of this
easily ionized metal, formation may also be controlled by adding potassium (1000 mg/1)
to both standards and samples.

3. Data to be entered into STORET must be reported as mg/1.
4. The flame photometric method may also be used (Standard Methods. 14th Edition, p.

230).
Precision and Accuracy

1. In a single laboratory (EMSL). using distilled water samples spiked at levels of 9.2 and 52
mgNa/1. the standard deviations were -0.1 and -0.8. respectively. Recoveries at these
levels were 102% and

C

ooo
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CAMP DRESSER ft HcKEE INC.Environmental Sciences Division
Total Dissolved Solids

No. 3810203RevP i of 3

1,0 Introduction
1.1 This method also goes by the name of Total Filterable Solids.
1.2 A well-mixed sample is filtered through a standard glass fiber
filar. The filtrate Is evaporated and dried to constant weight at
1030C.
1.3 If residue, non-filterable is being determined, the filtrate
from that method may be used for residue, filterable.
1.4 Filterable residue is defined as those solids capable of passing
through a glass fiber filter and dried to constant weight.

2.0 Scope and Application
2.1 This method 1s applicable to drinking, surface, and saline
waters, domestic and Industrial waste.
2.2 The practical range of the determination is 10 mg/1 to 20,000-mg/ l .

3.0 Sample Handling and Preservation
3.1 Preservation of the sample is not practical; analysis should begin
as soon as possible.
3*2 Refrigeration or icing to 4°C, to minimize microbiological
sition of solids, is recommended.

O
O
O

4.0 Interferences
4.1 Highly mineralized waters containing significant concentrations
of calcium, magnesium* chloride and/or sylfate may be hygroscopic and
will require prolonged drying, desiccation and rapid weighing.
4.2 Samples containing high concentrations of bicarbonate will require
careful and possibly prolonged drying at 103°C to insure that all the
bicarbonate Is converted to carbonate*
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4.3 Too *uch residue In th, evaporating d1,h will crust
rap *t,r th.t .11, not be driven off during dry nT 0rtsldu. should b« limited to about 200 ng.

5.0 Apparatus r :
5.2 niter holder, prance filter funnel or Gooch crucible adapter.
5.3 Suction flask, SOO ml.
5.4 Evaporating dishes, porcelain, 100 ml vol** /„
dishes may be substituted). (Vycor or platinum
5.5 Steam bath.
5.6 Drying oven. ISO^C +2K.
5.7 Desiccator
5.8 Analytical balance,' capable of weighing to 0.1 mg.

6.0 Procedure
6.1 Preparation of glass fiber fiiter d1sc. „_ t.

Irately
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T , , 9 ** 9liii f<bfr f11t«r'1 of distilled water and contlnu. to apply vacUl« forir filtration i, co^l.u to r,ro« as much wattr as

IlOO .1 (or a laroer vo]«) Of the filtrate to a weighed
I i and evaporate to dr>ness on a steam bath.
Ivaporated san^Te for at lem one hour at i2oc. Cool In a

" ̂  d i" unt11ii Kweight loss Is less than 0.5mg

iter-able residue as follows

lterable residue, mg/1 « (A -8 ) X 1 ,000

I .II •I* •
weight of dried residue * dish 1n
weight of dish 1n mg

of sample used In ml

h.
f°r the Exanrinatlon of yater and

ii
|»y:.
1 .:
|£«QA Approval:

Approved By:_
Oitt:

Date:
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SUBSURFACE SOIL SAMPLING

1.0 GENERAL

The objective of subsurface sampling 1s to obtain soil from known depths in
order to evaluate site characteristics* detect the presence of any
contaminants and to evalutate the potential for pollutant migration. In
the following sections, the equipment and techniques used to collect
subsurface soil samples are described. General procedures which shall be
followed during soil sample collection, including the cleaning of sampl ing
equipment, are presented In method number 3816009.

r-
3.0 BOREHOLE DRILLING ^

O
Subsurface soil samples from boreholes can be obtained at specif ied depthsO
or continuously. Several techniques can be util ized for advancing bor ings0

including jetting, wash boring, auger boring, or rotary dri l l ing. These
techniques are briefly described 1n procedure number 3816013. Jett ing , 1s
not appropriate where soil samples are of concern.

In some Instances borehole advancement, in connection with soil sampl ing ,
is accomplished by continuous sampling.

3.0 SOIL SAMPLING

The boring techniques utilized to excavate a borehole result in
considerable disturbance of soil and do not allow for accurate
determination of the depth from which soil materials have been excavated.
Therefore split spoon, thin wall tubes or other sampling techniques must be
used In conjunction with boring operations to obtain soil samples.

Subsurface samples may be obtained at predetermined depths, at every change
In 11tho1ogy or continuously. Continuous sampling provides the most
accurate record of subsurface conditions for interpretive purposes.

AG9-6/1
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Split spoons are devices used to obtain subsurface samples of up to
2.5 feet 1n length within hollow stem auger flights, cased borings,
and nudded holes. The 1 .75 to 2.5 in ID split spoon samplers are
advanced Into the undisturbed material beneath the bottom of the
casing or borehole by use of weighted hammer and drill rod. The
relationship between hammer weight, drop and blows required to
advance the split spoon in 6-inch increments is an indicatoin of
density or consistency of subsurface soils. After the split spoon
has been driven the prescribed depth, It is removed carefully to

COavoid loss of soil mater ia ls . In non-cohesive or saturated soi ls a .^
r >nest shal l be used to help retain the sample.

Following removal of the split spoon from the casing, it sha l l be
detached from the drill rod and opened to al low for visual
classif ication of the sample. When less than a 10-Inch sample has
been obtained, a second cleaned sampler shal l be lowered into the
hole and a second sample shal l be obtained. The first sample
col lected, If any, shall be retained unless greater sample recovery
is obtained during the subsequent sampling attempts. The entire
sample (except the top several inches of possibly "disturbed"
mater ia l ) shal l be retained.

Samples of cohesive clays or si lts shall be wrapped In aluminum
prior to storage In jars, to preserve as undisturbed a sample aspossible.

Once an adequate sample 1s collected, the sample shall be inspected.
described, planed In wide mouth jars, labeled, and stored for
transportation to the laboratory.

If volatile organic analyses are to be performed, VOA vials shal l be
filled iMsnediitety from the split spoon before jarring. Subsamples
for other specific chemical analyses shall be taken as soon as
possible as required.

O
Oo
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3.2 Thin Hall Tubes

Thin wall tubes are hollow pipes which are pressed or driven Into the
soil without rotation to obtain core samples of relatively
undisturbed soils.

Thin wall tube samplers are generally 1 .875 in ID, 2 1n OD and 2 to 3
feet long, but may be of any size convenient for sampling. The thin
wall tube has a sharp cutting edge and a positive inside clearance.

Thin wall tube samplers may be pushed or driven into soils inside O^
hollow stem auger flights, wash bore casings or uncased boreholes. ôThe tubes are pushed Into the soil without rotation until the desired

Vw'depth is attained or to refusal. If the sample tubes can not be o
advanced by pushing, it may be necessary to drive the tube into the o
soil, without rotation, using hammers and drill rods. The tubes are
generally allowed to remain in the boring for 10 to 15 minutes to
allow buildup of Skin friction prior to removal. The sampler is then
rotated to shear the sample from the soil below and carefully removed
from the borehole.

Following removal of the tube sampler from the drilling equipment,
the sampler is Inspected to ensure that an adequate length of sample
as been obtained. This sampling procedure shall be repeated until an
adequate soil core 1s obtained provided that the material being
sampled is of a nature which would permit retention in the sampler.

Upon successful retrieval of a soil core it shall be described and
recorded in the log book and any disturbed soil shall be removed from
each end of the tube* Samples for volatile organic analysis must be
extracted from the solids sample as soon after the sampler is
withdrawn as possible. During transport to the sampling station, the
tube should be capped with a non-reactive material, for other
parameter, the shelby tube shall be sealed by pouring three 4/4 Inch
layers of liquid wax such as Socony Vacuum Product 2300 In each end
allowing the wax to solidify between each layer. The remaining space

AG9-6/3
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shall be fil led to the end of the cylinder with Ottawa sand or other
s imilar sand and allowed to settle and compact. Plastic caps shall
be taped over the ends of the cylinder and then sealed by
successively dipping the ends Into liquid wax. The tube shall then
be labeled. Care should be taken In handling to label the top and
bottom of the tube.

p

o
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1.0 GENERAL

Sediment samples are obtained at uncontrolled hazardous waste sites and
controlled substances work areas 1n order to provide Information on
transport of contaminants. Sediments consist of soil materials which have
been transported to ponds or streams due to surface soil erosion or those
materials that occur naturally under submerged conditions. Sediments are
generally saturated and may be composed of mineral or organic materials or
a combination of these* ,_

<zf
2.0 SAMPLING EQUIPMENT AND TECHNIQUE ^

O
OSediment samples may be obtained using on-shore or off shore-techniques. o

Sediment sampling equipment and techniques must be designed to min imize the
risk of dilution or loss of material as the sample Is moved through the
water column. For these situations where floatation devices or boats are
required for sampling, extra precautionary measures must be employed. At a
minimum, life preservers must be provided and two Individuals shall
undertake the sampling and an additional person shall remain In visual
contact on-shore to observe the operations.

In the following sections, sediment samplers and their use are described.
2.1 Dip Sampler

A dip sampler consists of a pole to which a jar or scoop is attached. The
pole may be made of bamboo, wood or aluminum and be either telescoping or
of fixed length. The scoop or jar at the end of the pole is usually
attached using a damp.

The dip sampler Is operated by submerging the jar or scoop and pulling it
through the sediments to be sampled. The samples retrieved are then
transferred into the appropriate sample container by decanting liquid phase
and retaining the sediments*

AG9-6/1
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2.2 Hand Operated Core Samplers

Hand operated sediment core samplers are used to obtain sediment samples in
shallow water (<3 ft). These samplers operate In a manner similar to that
described for soil core samplers. However because of the saturated
conditions of sediments, provisions must be provided so that the sample is
retained within the core. Core samplers are generally constructed of an
outer rigid metal tube into which a 2 Inch ID plastic core sleeve fits with
minimal clearance. The cutting edge of the core sampler has a recessed lip
on which the plastic sleeve rests and which accomodates a plastic nest.
This nest Is oriented such that when the sampler Is pressed Into the CM
sediment, the core is free to move past the nest. Due to construction
the nest, the core will not fall through the nest upon removal of the
sampler from the sediment. „O

o
When the sampler is removed from the sediment, the plastic sleeve is
removed sealed and labeled. Core sleeves should be sealed by packing ends
with clean sand and placing plastic caps secured with friction tape over
ends. Care should be taken in handling samples and the orientation of the
sample core shall be indicated on the sleeve.

Because core sleeves and nests are generally made of plastic, special
provisions should be made if samples are to be tested for chlorinated
organics.

The land operated core sampler will not be useful for obtaining samples of
gravelly, stoney or consolidated sediments.

2.3 Gravity Core Samplers

Gravity core samplers are used to obtain sediment samples In water bodies
or lagoons with depths of greater than 3 to 5 feet. These types of
samplers can be used for collecting 1 to 2 foot cores with a 2 inch ID, of
surface sediments at depths of up to 100 feet beneath the Mater surface.

IIIII
II
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As with all core type samplers, they are not suitable for obtaining samples
of coarse - gravelly, stoney, or consolidated desposlts. They are however,
useful for fine grained Inorganic and organic sediment sampling.

The gravity core sampler operates 1n a manner s imi lar to the hand operated
core 1n that a plastic sleeve of 2 Inch ID fits within a metal core hous ing
fitted with a cutting edge. Plastic nests are used to retain the core
within the plastic sleeve. An opening exists above the core sleeve to
allow free flow of water Into and through the core as 1t moves vert ical ly
downward to the sediment. The sampler has a messenger-activated valve
assembly which seals the opening above the plast ic sleeve fo l lowing
sediment penetration. This valve Is activated by the messenger creat ing IT*
partial vacuum to assist In sample retention during retrieval, "ôoSamples are obtained by allowing the sampler which is attached to o
approximately 100 feet of aircraft cable to drop to the benthic depos i ts .o
The weight of the sampler drives to core Into the sediment to vary depths
depending on the characteristics of the sediments. The messenger is then
dropped on the taut aircraft cable to seal the opening above the plastic
sleeve. The sampler is then carefully retrieved.

Upon retrieval of the sampler, the plastic core sleeve Is removed and void
spaces at either end packed with clear sand. The sample is then sealed
with plastic caps attached us ing friction tape. Care should be excer ised
1n labeling 1n order to properly Identify sample orientation.

2.4 Dredges

Dredges are generally used to sample sediments which cannot easily be
obtained using coring devices or when large quantities of materials are
required. Various dredge designs are available for sampling in deep or
turbulent waters and for obtaining samples from gravelly, stoney or dense
deposits.

Dredges generally consist of a clam shell arrangement of two buckets. The
buckets may either close upon Impact or be activated by use of a messenger,

AG9-6/3

000943



NO
Rev

„ , Page 4 of 4Dredges are co^only quite heavy and therefore require use of a .Inch and
crane assembly for sample retrieval.

Upon retrieval of the dredge, the sample can either be sieved or transfer
directly to a sample container for label ing and storage.

Dredge types which could be used for sailing 1nc,ude »0nar, Petersen andtKman dredges*

Oooo
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1 .0 OBJECTIVE

The objective of obtaining surface water samples is to determine the
surface water quality entering, leaving or affected by the site. Surface
water samples are considered environmental samples (containing low
concentrations of contaminants) but accurately quantifying the contaminants
present is of utmost Importance. In order to obtain a representative
sample, the hydraulics of the water course »ust be determined before
sampling, so that the most representative sample can be obtained.

Either grab or composite samples may be collected. Grab samples are
collected at one particular point and time. Flow- or time-weighted
composite samples are composed of more than one aliquot collected at
various sampling sites and/or at different points in time. Because of the
unknown safety risks, as well as the changes in chemical nature of the
sample that may occur through compositing, samples containing hazardous
materials at significant concentrations shall not be composited.
Environmental samples containing low levels of toxics may be composited
however, as described in the site specific sampl ing and analytical plan.

If it is necessary to wade into the water course to obtain a sample, the
team member shall be careful not to disturb bottom sediments and shal l
enter the water course downstream of the sampling location. Whi l e in
reality, it Is difficult to prevent disturbance of the sediments, it is the
responsibil ity of the team member to minimize the Introduction of sediments
into the sample. If necessary, the sampling technician shall wait for the
sediments to settle before taking the sample.

If the water course 1s moving, a depth integrated grab sample shall be
obtained. A depth Integrated sample 1s collected by lowering an open
container (shown in Figure 1) against the flow, to a depth just above
bottom. The container Is then turned Into the flow and raised at a rate
that allows it to just fill when It reaches the surface* The samp re shall
be collected In the middle of the stream.

in
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2.0 EQUIPMENT

O
o

The best choice of sampling equipment depends on the particular condit ions
at the site and the water body being sampled. The tyes of samplers
avai lable are:

o Open tube
o Pond Sampler
o Manual Hand Pump
o Weighted Bottle Sampler
o Kemmerer Sampler
o Extended Bottle Sampler.

Of these, the pond sampler and the weighted bottle sampler wi l l be used
most often. The criteria for selecting a sample collector are:

o Disposable and/or easily decontaminated - A collection device
may not be used again without sufficient cleaning.

o Inexpensive - This is a necessity if the item is to be disposed
of.

o Each of operation - Cumbersome safety clothing and the use of
protective respiratory equipment dictate the use of simple
tools.

o Nonreactive - The device must not react with the sample in such
a manner as to contaminate it.

o Safe - The unit must not present a safety threat to the user.

3.0 SAMPLING METHODS

3.1 Pond Sampler

The pond or dip sampler (Figure 1) consists of a container attached to the
end of a long pole by an adjustable clamp. The pole can be of any
A69-6/2
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non-reactive material such as wood, plastic or metal, as It wil l not be in
contact with the sample itself. The sample shall be collected in a jar or
beaker made of stainless steel* glass or non-reactive plastic. Preferably,
a disposable beaker which can be replaced, shall be used at each stat ion.
Liquid wastes from water courses, ponds, pits, lagoons or open vessels
"lade led" into a sample container.

Manual pumps are available in various sizes and configurations. Manual
hand pumps are commonly operated by peristaltic, bellows or diaphragm, and
siphon action. Manual hand pumps which operate by a bellow or diaphragm,
and siphon action should not be used to collect samples which will be *
analyzed fo volatile organics. O

The pump is operated according to manufacturer's instructions. The sample
inlet hose is inserted Into the liquid to be sampled, and a crank or
bellows is activated.

O
O

To avoid contamination of the pump, a liquid trap consist ing of a vacuum
flask 1s Inserted at the sample inlet hose to collect the sample (Figure
2), Teflon tubing shall be used for the inlet hose which the liquid sample
in order to avoid sample contamination. The hose and trap must be flushed
between stations with a minimum of three volumes of liquid, and cleaned or
replaced at the end of each day.

3.3 Weighted Bottle Sampler

The sampler (Figure 3) consists of a glass bottle, a weight sinker, a
bottle stopper, and a line that is used to open the bottle and to lower and
raise the sampler during sampling. There are variations of this sampler,
as il lustrated in the ASTM methods D 270 and E 300. This sampler can be
either fabricated or purchased. Procedure for use:

1. Assemble the weighted bottle sampler as shown in Figure 3*
2* Gently lower the sampler to the desired depth so as not to remove

the stopper prematurely.
AG9-6/3
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3. Pal. „„,"
5. Raise the sampler and cap the bottle
6. H1pe the bottle clean. The bottle can be used as the sa.ple

container* K

Alternatives to the sighted bottle sampler are the Ke«r sampler andthe extended bottle sampler. » *npier and

CO
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figure 5 .4 .3 Weighted bottle sampler,
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MONITORING WELL INSTALLATION GROUNDWATER SAMPLING
A

1.0 GENERAL

Monitoring wells are Installed at or adjacent to hazardous waste
sites In order to provide an understanding of the overall groundwater
regime, to evaluate flow patterns and hydraulic head fluctuations of
the groundwater immediately surrounding the site and for the
collection of groundwater samples to determine the extent of
contamination in instances where the site 1n question has affected^ inquality of the groundwater* It is essential that samples be ON
collected from sources in a manner that wil l accurately assess the o
concentrations of constituents present. This may Include the °
collection of groundwater samples from existing monitoring wel ls an<P
large diameter production wells and possibly other sources (under
certain circumstances, i.e. springs, etc.) , in addition to samples
collected from monitoring wells Instal led for this purpose.
Generally, the instal lation of monitoring wells includes soil
samp11ng--the collection of which is described in procedure number
3816017. In the following sections, techniques are generally
described for the Installation and sampling of monitoring we l l s .

In instances where new monitoring wells are necessary, a review of
all prior data pertaining to the groundwater regime and the quality
of the groundwater In the area Is a necessary part of the
decision-making progress involved with siting the new wel ls , wel l
installations may be accomplished through a contract based on a r ig id
set of specifications and unit price payments or by a time of
materials contract. While the former is normally considered
preferrable, the number of unknowns (both in location and subsurface
conditions) may dictate that the latter course be followed*

iiiiiiiiiiii
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2.0 MONITORING WELL INSTALLATION

2.1 Installation - General

Monitoring wells or permanent sampling devices completed in
unconsolldated materials above bedrock are generally Installed in
boreholes constructed using wash boring or augering techniques. In
some Instances, it may be appropriate to use jetting, rotary dr i l l ing
or other boring techniques where local practice or subsurface
conditions dictate such a consideration.

r îThe general description for monitoring well and permanent sampling ^
device installation which follows Is provided as an overview. o
Specific materials to be used and methods for the construction of °
monitoring wells shall be developed based on the particular needs at
each site and described in the site specific sampling and analytical
plans and/or the specifications developed for the boring contractor.

Where well drill ing techniques, or where the purpose of the wel l ,
requires that the well be developed and/or purged of induced waters *
a period of ten days shall be provided after development for
stabilization prior to sampling. The requirement for developing or
purging of wells shall be specified in the site specific plan.

Addtional information on monitoring well installation may be found in
the Manual for Groundwater SajnpUng procedure .

2*2 Monitorjtell Pril l ing Techniques

Several techniques can be utilized for drilling in connection with
the Installation of monitoring wells. These techniques include wash

o

Scalf, M.R* . J.F. McNabb* W.J» Dunlap. R.L. Cosby and J. Fryberger,
1981. Manual for Ground Hater Sampling Procedures. HWWA.
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described below.

2*2 . 1 Wash Boring
This method Involves advancing steel casing by driving and wash ing
out the material to the bottom of the casing with chopping bits. The
excavated materials are removed from the borehole by the return flow
of water. This drilling technique employs a casing to stabi l ize the
borehole walls . Telescoping of the casing Is desirable 1n some
Instances to prevent cross contamination between specifitd layers.
Samplers, such as the split spoon or solid tube type, can be driven^
or pushed into the undisturbed material at the bottom of the borehoVe

o^to extract subsurface soil samples. The wash boring method is ocommonly used 1n soils which do not contain large cobbles and O
boulders or cemented horizons* O

2 .2 .2 Auger Borings
This method involves advancing helical augers, either sol id fl ight or
hollow stem to the required sampling depth* This is a fast method
for advancing the borehole, without the use of fluids, in part ial ly
saturated or unsaturated materials fcbove the groundwater table.
Conventional soil sampling procedures are employed.

Hollow stem augers are advanced hydraulically into the overburden to
the top depth of the sample required, the auger acting as a cas ing .
A removable center plug allows passage of the sampling equipment to
the required depth. Augers are usually in five-foot sections. Some
disturbance of the sampling zone may be created during the auger- ing .
Auger borings are not desirable where cross contamination can occur
unless a large diameter hollow stem Is used, Into which a cas ing can
then be telescoped.

2.2.3 Hydraulic Rotary Dril l ing
This method of drilling boreholes consists of the rotation of a dri l l
bit to excavate the borehole and the continuous circulation of a
drill fluid to the bottom of the borehole to retrieve drill cuttings

AG9-6/3
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and maintain the borehole. The drill bit 1s attached to the dri l l
pipe (called the drill stem) and rotated from the ground surface by
the drill rig. Water and drilling fluid (usually mud) are circulated
down the drill stem, out the bit and up the anular space between the
borehole and drill stem. Generally, a mud pit or tank at ground
surface receives the drl l lng fluid and allows the subsurface dr i l l
cutting to settle out.

Well casing Is generally not employed during dr i l l ing except to
maintain an open borehole above the water table or where especial ly
loose formation materials are encountered. Below the water table , in
most normal circumstances, the thick drilling muds "pack" open the ^
borehole, permitting placement of well screens and casing after the
drill bit and stem are removed from the borehole*

o
Two common variations of hydraulic rotary dri l l ing are air rotary
reverse circulation rotary. Air rotary is commonly employed in
consolidated rock dri l l ing where compressed air of high volume and
pressure removes drill cuttings and the borehole remains open due to
Us consolidated nature. Reverse circulation rotary is a method
which uses water along as the drilling fluid with the water flow up
the dril l stem and down the anular space between the borehole and
drill stem (in the opposite direction from hydraulic or straight
rotary dri l l ing) . In reverse circulation dr i l l ing, the hydrostatic
pressure of continuous water circulation maintains the borehole pr ior
to screen and casing placement.

Rotary drill ing is most similar to another drill ing method known as
jet dri l l ing or jetting.

2.2.4 Jetting
Jetting involves the use of water or drilling muds under pressure to
advance the casing. Cuttings are removed in advance of the borehole
by the return flow of the drilling fluid. The borehole may be

. - . . _ - , - - : ^Stabilized by the dri l l ing fluid on casing.
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Accurate and precise groundwater quality monitoring requires
sophisticated well installations. Several basic design criteria must
be followed to Insure quality Installations 1n the highly var iable
geologic conditions encountered.

Hell drlling methods and equipment are highly specialized, and
therefore, well dn'Hng crew qual if icat ions, equipment and experience
are Important to the successful completion of the work. However,
well drillers typically only provide operational capabilities; they
require the guidance and assistance of the certified geologist or
engineer to interpret the application of of the basic criteria to tho
changing geologic at a given site. In addition, onsite observation
of the well dr i l ler 's operations by an Independent party provides a
check of specific product details, which are most Important to the
Interpretation of the water quality results obtained. The certifiedo
geologist or engineer would provide services Including, but not
limited to the following:

o All matters pert ianing to pay est imates * contractor c la ims ,
progress of work, deficiencies.

o Reviewing the contractor's proposed plans, schedule, program,
and other data to be submitted in compliance with requirements
of a purchase order or specif ications, such as any plans for
Special testing work, soils sampling, developing, grouting, and
locking cap devices.

o Reviewing and approving all equipment and methods the
contractor proposes to use.

o Records of operation, such as: procurement, storage and
Installation of all materials and equipment; all well logs,
special testing reports, progress reports, equipment reports,
safety reports. . . .

ii
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o Observing, measuring, and recording all operational tests such
as soil or core sampling, special testing, logging and water
sampling.

o Satisfying that Information on screen settings and other
decisions dependent upon field conditions encountered during
the progress of the work are handled expeditlously and promptly
and properly transmitted to the Contractor.

PERMANENT SAMPLING DEVICES

In addition to monitoring wells, permanent sampling devices such ^
as "Barcads" or suction lyslweters may be Installed 1n order to in
obtain groundwater samples. Installation techniques for these °"%

devices will be developed recognizing the special requirements of
these devices. In general, however, permanent sampling devices owill be Installed In boreholes excavated using wash bore or
augerlng techniques as discussed previously. Such devices may
also be Installed in boreholes that have bean dril led with other

equipment and in boreholes drilled In bedrock where condit ions
require.

The sampler shall be positioned 1n the borehole at the desired
depth for sampling and packed with clean mono-mineralic filter
sand. The method by which sand 1s added to the borehole and
tamped shall be such as not to damage the sampling device.

Normally such devices are utilized where multiple levels
groundwater levels are to be monitored and bentonite pellets shall
be used to Isolate samplers and prevent cross contamination of
aquifers. The Interval to be sealed will be determined by
subsurface strata encountered during the boring and the thickness
of the seal and method by which 1t Is Installed will be determined
bas«d upon the type of boring equipment utilized and the geologic
donnation Into which 1t Is placed. Groundwater samples should be

000957
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Following the placement of a sampling device and bentonite seal ,
the borehole shall be backfilled with cement grout or material of
sufficiently low permeability and of such quality that the
potential for contamination from overlying zones 1s minimized.
Similar material shall be placed In the Intervals between devices
where multiple zones are to be monitored.

SAHPLING FROM A MONITORING HELL

be

o
o
o

COin
o
o
ooCheck the well for above ground damage.

Remove the well cap (a wrench may be needed).
Measure and record the depth to water and the time of
measurement.

o Measure the total depth of the well .
o Remeasure and record the depth of water after a lapse of 4 to 8

minutes following Initial measurement and record the depth to
water and time of measurement,

o If successive measurements show essentially no difference,
continue the sampling procedure, where the level change is
greater than l/100th ft, delay the remaining procedures unti l
the change observed and recorded 1s less than that figure.

o Determine the amount of water in the well (depth of water x
cross sectional area)*

o Purge the well by either removing all the water from the wel l
and allowing It to recover three to ten times, or by removing
the equivalent of three to ten well volumes of water. The
procedure to be used will be determined by the on-site
coordinator on the basis of geologic and/or hydrogeologic
conditions and on well construction details. Hell purging can
be accomplished with centrifugal pumps, peristaltic pumps or

iii
iiiiIIi
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described for samplers in Section 4.1 following.
o Clean the sampler as described in the following Section (4 , 1 )

Immediately prior to inserting It Into a well.
o Collect samples using a bailer, pump, or positive pressure

sampler dependent upon the general nature of the contaminants
of concern. Sampler materials of construction shall be
specifically selected for each contaminant.

Sampler Cleaning

Sampler cleaning is to be performed immediately prior to sampl ing
from any well . Any portion of the sampling device which cor.tactsr.
contaminated water shall be cleaned or disposed of between we l l sPN

For example, the cable used for bail ing shall be subjected to thP
same cleaning requirement for a length at least equal to twice tKe.
depth to the water surface. Where pumps are used, short sect ions
of sample tubing may be disposed of rather than cleaning. The
following procedure Is followed for cleaning samplers and
equipment:

o Rinse with clean tap water.
o Rinse with reagent grade methano! and allow to air dry.
o Rinse at east once with clean tap water.

If appropriate the above procedure can be preceded with a wash
with soap (Alconox or Liqinox). Line and cables used to lower
samplers into monitoring wells will be disposed of in an
appropriate manner dictated by the On-site Coordinator or cleaned
and rinsed using the procedures outlined above for cleaning
sampling devices. Persons obtaining groundwater samples wi l l wear
chemically inert protective gloves to prevent skin contact with
sampling devices, lines and cables and potentially contaminatedgroundwater«,

AG9-6/8
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4.2 Bai l ing

A bailer made of PVC, Teflon, or stainless steel can foe used to
remove the stagnant water 1n monitoring wells and obtain sampler.
The problems with this method are: a) cross-contamination between
wells can occur; b) the method Is time-consuming; and c) contaminants
can easily enter the water with many trips up and down the wel l .
Properly used, a bottom fil l ing bailer should not significantly alter
the water quality. It Is a cost-effective method 1f the wells are
shal low have adequate size for the sampler and only need to be
sampled infrequently.

o4.3 . 1 Equipment ^Q
Bottom Fi l l ing Bai ler - Stainless steel bailers with inert f i tt ings &
(such as teflon) shall be used to collect samples. Watar enters the°
bailer through a hole drilled through the bottom end plug and is o
prevented from draining out by an inert ball check valve. The plug
fits tightly inside the bailer and requires no adhesives, which might
contaminate the water. A cable made of nickel (or some other
noninterferlng material) wire is used to raise and lower the ba i l e r ,

4 .3 .2 Sampling Procedure
The cable supporting the sampler should be prevented from coining in
contact with the water 1n the well. The bailer should not come in
contact with any materials outside of the well casing. When emptying
the bailer, a new pair of disposable gloves are to be worn for each
Individual well sampling.

Samples are carefully poured from the bailer Into clean serum bottles
or screw-cap vials of appropriate size (usually 40-125 ml), avoid ing
turbulence, which might result In loss of volatile organics and/or
excessive oxygenatlon of the samples. Care shall also be exercised
to eliminate the entry of or contact with any substance and the
Interior surface of the vials or caps other than the water sample
being collected. The containers are topped-off to avoid gas^space
and tightly closed with teflon-lined septums held 1n place by

AG9-6/9
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open-top screw caps. The sample bottles should be prepared with
appropriate preservatives prior to sampling. The bailer must be
cleaned as described in the previous section before reuse.

4-4 Pumping (for suction lifts up to 25 feet)

The peristaltic pump Is the preferred type of pump for sampling
groundwater (except when samples for volatile organic analyses are
obtained). The pump will not significantly affect the quality of the
sampled water, except possibly strip volatile fractions. The water
1s pumped through chemically tubing (I.e. teflon), therefore, it doesr-
not come 1n contact with the air, nor is a strong vaccum appl ied to ^°
it. The major drawback of this pump is that it cannot be used to
pump water from a depth greater than about 25 ft and that it pumps al^
a relatively low rate (100 ml/minute). o

4.4 . 1 Equipment
o Peristaltic pump
o 1 liter erlenmeyer flask
o 6 mn I.D. teflon tubing
o 6 mm 0.0. glass tubing
o 6 mm 1 *0 . tygon tubing

4 .4 .2 Sampling Procedure
Figure 1 depicts the sampling system which shall be used to obtain
Samples by pumping.

Groundwater withdrawn through a precleaned 6 m O.D * teflon tube and
discharged into a clean, calibrated one-liter heavy-wall erlenmeyer
flask with a peristallc pump on the outlet side of the sampling

V flask.

The sampled water contacts only teflon and precleaned glass 1s then
carefully transferred to appropriate glass sample containers /or
shipment to the laboratory. This system shall not be used for

. samples to he analyzed for volatile organics, because of possible
AG9-6/10
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stripping of highly volatile constituents from the sample under the
reduced occurring In these systems, tt may, however, be used for
non-volatile constituents such as metals or other organlcs,

Posit ive Pressure Sampling (for greater than 25 feet sampling depth)

A gas-lift sampler can be used in wells where the ground water
surface may be greater than 25 ft. below ground surface* The sample
pump should be made of glass, PVC, Teflon, or stainless steel,
depending on the constituents of Interest. For the toxic po l lu tants ,
PVC or Teflon Is best due to their inertness and ruggedness. Care
should be excerclsed In selecting the pressurizing gas so the water
quality Is not significantly affected due to the gas-water contact. oNote that sample times are typically Installed for each sample O
station. °

4.5 . 1 Equipment
o Gas-1 1 ft sample pump ut i l iz ing tubing and materials l ined with

glass, PVC, Teflon, or stainless steel,
o Ultra high purity compressed nitrogen (99.999% pure) (New Eng l and

Cyrogenlcs, Newton, MA) ,
o Reagent grade methanol.

4.5 .2 Sampl ing Procedure
Compressed nitrogen 1s regulated into an approximate 1/2-inch
diameter- nylon tube connected to the sampler In the well .
Groundwater that has permeated the sampler is forced up through an
approximate 1/4-Inch concentric nylon tube and sampled. The pressure
and flow of nitrogen wl'l be controlled with the regulator in order
that the groundwater sample exists slowly and with a minimum of
"spurting" at the end. One volume of groundwater will be flushed out
and discarded to clean the tubes and obtain newly permeated
groundwater. All sample bottles will be filled directly from the
1/4-Inch tubing except in the case of VOA vials where less than 47 ml
is released with each sampling* In this situation* a clean transfer

iii
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i
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bottle Is fil led first and then transferred to the VOA vial, f i l l i ng
carefully and capping tightly so that no air bubbles remain ins ide.
This avoids the Introduction of bubbles that would occur from f in ing
directly from a "spurting" groundwater flow.

I
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SAMPLING OF ORGANIC VAPORS AND AIRBORNE PARTICULATES

1.0 INTRODUCTION

This procedure shall be followed to collect organic vapors and part icu lates
present in ambient air. A known volume of air is drawn through a
three-stage sampler consisting of a teflon filter followed by a two-stage
Tenax-GC sorbent tube to trap the organic vapors/particulates present. The
filter is used to collect pollutants in a solid state or adsorbed on
particulate matter and is analyzed separately after sampling. The sorbent
is used to collect vaporous analytes. The organics are desorbed from the

•^tf i lter and Tenax thermally, and the sample is analyzed using a coupled
chromatograph/mass spectrometer.

2.0 EQUIPMENT

2.1 Sampl ing Pump

A calibrated personal sampl ing pump whose flow can be determined to an
accuracy of * 5% at a low rate of 1.0 to 1.5 1/min is required. The pump
is cal ibrated with a representative sampling assembly in l ine.

Ooo

2.2 Organ ic Sampling Fi lters

The filter assembly consists of a two piece 37 mm filter cassette packed
with a teflon coated glass fiber filter (Pal l f lex Products, Inc. T60A20 or
equivalent).

2.3 Organic Sampling Tubes

The sampling tube used to collect the sample consists of a glass tube,
lb-cm tong with a 6-mm 1 *0. and a 8-wn 0,0, packed with two sections of
Tenax-GC . The two sections include a front adsorbing section (100 mg) and
a backup section (50 mg). The two sections are separated by a portion of
sllylated glass wool. A plug of silylated glass woo! is placed air each end
of the sorbent tube. The pressure drop across the tube must be less than
AHO-5
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3.0 PROCEDURE

3.1 A sample size of 150-300 liters is recommended. Sample at a known
flow rate of 1,0 liters per minute.

3.2

3.3
I-ediately before sampling, break open the ends of the tubes.

3.4

3.5

3.6

3.7

pThe section containing 50 mg of Tenax-GC 1s used as a backup and
should be positioned nearest the sampling pump. The tube should be
placed 1n a vertical position during sampling to avoid channel ing a
subsequent premature breakthrough of the analyte.

Air sampled should be passed through a teflon coated glass fiber
pfi lter before entering the front section of the Tenax-GC tube to

trap any analyte 1n partlculate form present in the atmosphere.

Set the flow rate of the pump as accurately as possible using the
manufacturer's directions. Record the information necessary to
determine flow rate, and also record the Initial and final sampl ing
times. Record the temperature and pressure of the atmosphere beingsampled.

The tubes should be firmly sealed with plastic caps Immediately after
sampling. The filter cassette with the teflon coated glass fiber
filter must also be sealed at both ends with caps provided by themanufacturer.

D
One Tenax-GC tube and teflon filter should be handled in the same
manner as the sample tubes except for the taking of an air sample.
This sample should be labeled as a blank. Submit one blank for every
ten samples, for any batch or partial batch of fewer then tensamples.

O
O
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3.8 At least one bl ind duplicate should be prepared for each sampl ing set
taken per day. A blind duplicate 1s generated by collecting
duplicate field samples (other than a blank) simultaneously at one
location and labeling each of the two duplicates with a unique f ie ld
code, consistent with the field sample coding system, as if they were
independent samples.

p3.9 A minimum of six unused Tenax-GC tubes and filters should be
available for use 1n desorption efficiency studies in conjunction
with these samples, because desorption efficiency may vary from one
batch or sorbent to another. Record the batch number of the
Tenax-GC and filters used.

4.0 SPECIAL CONSIDERATIONS

4.1

4.2

Where two or more compounds are known or suspected to be present in°
the air, such information, including their suspected ident it ies ,
should be transmitted with the sample, 1f possible.

Due to the high flow resistance of the sampl ing assembly, this
sampling method places a heavy load on the sampling pump. Therefore,
no more than five hours of sampling should be done without f irst
recharging the battery.

S.O SHIPPING INSTRUCTIONS
2Capped sample tubes and filter samples should be packed tightly and

padded before they are shipped to minimize breakage or leakage dur ing
shipping.
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